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Abstract 


This thesis presents the design and layout of a Gallium Arsenide (GaAs) Dynamic Random Access 
Memory (DRAM) array of eight four-bit words including refresh circuitry. In the last several years, there has 
been significant research investigating the possibilities of producing much faster. lower power and high 
density DRAM using GaAs. Thus far, this research has yielded success on a limited basis using special 
materials and fabrication techniques. This design, tested and simulated using HSPICE, supports a memory 
access time of approximately three nanoseconds, faster than present commercial Static Random Access 
Memory (SRAM). The logic circuits are designed using GaAs enhancement-mode and depletian-m~fe (F/ 
D) metal semiconductor field-effect transistors (MESFETs). Charge storage is facilitated by a single GaAs 
MESFET connected to a parallel plate capaciter and the required minimum time between refresh is 
approximately three milliseconds. Power consumption is acceptable and fabrication by Vitesse 
Semiconductor Corporation using the HGaAs3 process is in progress. The design techniques, power 
consumption and timing are discussed and demonstrated for the basic logic circuits and the memory array 
read, write and refresh cycles. A significant increase in DRAM memory bandwidth is gained narrowing the 


— 


memory bandwidth differential between primary memory and the processor. 
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1. INTRODUCTION 


A. GALLIUM ARSENIDE (GaAs) DEVELOPMENT 

Commercially, GaAs has been in use as a semiconductor since the 1960's, specifically in the fields of 
microwaves and optics. The speed offered by GaAs integrated circuits is its major drawing point. In the 
embryonic stages of GaAs integrated circuit (IC) development, low density devices such as microwave/ 
optical transmitters and receivers were considered breakthroughs. On the other hand, silicon (Si) ICs have 
been widely researched and tremendous density gains have been achieved. Examples of these gains are the 
64 megabit DRAM chip and the Intel processor 80486. Conversely, GaAs IC research, development and 
fabrication processes are at least one generation behind. There are several reasons for this, the first and 
foremost is cost. Millions of dollars are required to “tool up” to fabricate ICs. While Si I(Cs are in remendous 
worldwide demand with many large companies manufacturing a multitude of Si digital ICs, presently there 
is no such demand for GaAs. Until the demand increases, a limited number of smaller companies will 
continue research, development, testing and production of a small number of GaAs ICs using fabrication 
equipment from the last generation of Si processes. Additionally, as when Si development was in its early 


stages, there are several different GaAs fabrication processes being used, each has its own advantages, and 


some manufacturers may be “sitting out”, waiting for a single process to become predominant. 


B. SILICON -VS- GALLIUM ARSENIDE 

Speed coupled with lower power consumption is the main issue when comparing Si to GaAs. Circuits 
that must operate at high-speeds use much less power when produced from GaAs than Si. The Power-Delay 
Product (power dissipated x propagation delay) when used to compare GaAs to Si, yields GaAs a 5:1 
advantage. Additionally, circuits subject to radiation (such as in space satellites) suffer two results, Single 
Event Upsets (SEU’s) and substrate degradation. GaAs ICs are subject to SEUs but do not suffer from 
substrate degradation. Logic gate propagation delays for GaAs digital ICs are on the order of 10-150 
picoseconds, whereas Si offers gate delays in nanoseconds. [Ref. 1:p. 3]. 

However, there are disadvantages to GaAs digital IC fabrication. First, the present density of the 
commercially available GaAs ICs is much less than those produced in Si. Some of the reasons this is so were 
discussed above. Second, electrical signals traverse a glass epoxy circuit board at the rate of approximately 





one foot per nanosecond, but the same electrical signal will traverse a GaAs logic gate in as few as 10 
picoseconds yielding a large ratio of input/output delay-to-propagation delay. Because of the very high speeds 
offered by GaAs ICs, transmission line theory must be considered and utilized when designing in GaAs. 
Third, the layout of a Si CMOS gate (pull-up to pull-down) is very symmetric (this is because it is a 
complementary logic design using an n-type transistor and a p-type transistor. However, a GaAs MESFET 
inverter uses a much smaller pull-up than pull-down (both n-channel FETs, hence not a complementary logic 
design) and this yields very asymmetric geometries which complicate the layout and yield lower IC densities. 
Fourth, while the cost to produce GaAs ICs has fallen significantly in the last year such that GaAs ICs (in 
quantity) now cost less then comparable Emitter-Coupied Logic (ECL) or Bipolar Complementary Metal- 
Oxide Semiconductor (BiCMOS), fabrication of GaAs ICs is still expensive. However, should the trend 
towards lower costs continue, the cost of GaAs IC’s will soon be comparable to Si for most circuits. Fifth, 
layout and circuit simulation tools for Si have evolved through several generations whereas the like tools for 
GaAs are sparse but improving steadily. Sixth, the voltage gain of GaAs MESFETs is smali (this is imposed 
by the Schottky barrier junction gate of the MESFET which exhibits a forward voltage conduction limit of 
about 0.7 volts positive with respect to the source), consequently the noise margin for n-channel GaAs digital 
logic circuits is also small. The magnitude of the noise margin varies somewhat with which GaAs logic family 
is used. Finally, GaAs suffers from leakage currents not affecting Si. These GaAs leakage currents impact 
heavily on the design of GaAs circuits which use charge storage. [Ref. 1]. 


C. GALLIUM ARSENIDE MEMORIES 

Considerable GaAs research within academe and, to a lesser extent within industry, bas occurred and 
the results are encouraging. Within the field of GaAs memories, the late 1980’s have yielded several low 
density GaAs static memories (SRAM's) [Ref. 2][Ref. 3] and at least four hybrid metal, dynamic memories 
[Ref. 4], (Ref. 5), [Ref. 6], and (Ref. 7]. To date, there have been no reports of a successful GaAs DRAM 
design which used standard GaAs materials and fabrication techniques. 

Presently available commercial Si DRAMs offer access times on the order of 60 nanoseconds while 
commercial Si SRAMs have access times of approximately 10 nanoseconds. But static memory integrated 
circuits offer much lower densities by virtue of the fact that one data bit of static memory requires four to six 
transistors whereas one data bit of dynamic memory may be represented by a single transistor in a dynamic 
memory. This is because static memories use a flip-flop configuration of transistors as the basic storage 
element while dynamic memories use charge storing capacitors as the basic storage element. Additionally, 











SRAMs, by virtue of their flip-flop design, use significantly more power per bit. For a thorough discussion 

@ of the charge storage aspects of this thesis, see the work by Vagts [Ref. 8]. 
This thesis will present some of the Gallium Arsenide logic families, basic designs of GaAs logic gates 
built into GaAs logic circuits, and then focus on the final product, a GaAs DRAM. The topics covered will 


include basic memory design, testing via HSPICE simulation, discussion of the layout using MAGIC (with 
GaAs technology files), overall timing diagrams, and finally, conclusions. 








Il. BASIC MEMORY DESIGN 


A. TYPES OF MEMORY 

Static memory retains its data anytime that power is applied because of the previously mentioned flip- 
flop. Dynamic memory, on the other hand, relies on the charge storage of a capacitor (generally) connected 
to a pass transistor. Both types of memories will lose their data once power is removed. However, maintaining 
the dynamic memory data, even with power on, requires periodic “recharging” of the capacitor in an operation 
called refresh. A discussion of the read-only memories (ROM) and its derivatives is beyond the scope of this 
thesis. 

The type of memory being discussed here is referred to as “read-write” memory. It is incorrectly called 
“random access memory” in place of “‘read-write” memory” probably resulting from the “old” days when 
certain types of memories could not be accessed randomly (meaning the control logic could not obtain the 
contents of the desired address in memory without passing by other addresses before it or after it). As an 
example, magnetic tapes provide a type of memory that may only be accessed “sequentially”. This label 
“random access memory” is the second part of the present commonly used abbreviation DRAM. 


_—— 


B. BASIC DYNAMIC MEMORY OPERATIONS 

There are only three basic memory operations: read, write and refresh that will be discussed in this 
report. The discussion that follows generally relates to both the operation of “generic” memories and the 
Operation of the topic memory. 

Referring to Figure 2.1 on page 5, which is both a representation of a generic DRAM and the 
representation of the topic DRAM, one may see where the external inputs signals are applied and also the 
origin of the output signals. 





Figure 2.1 General Block Diagram of A Dynamic Memory 


—_— 


Reading the memory is accomplished by checking the status of the “memory busy” (MBSY) signal, 
presenting the memory control logic with the address of the desired location, pulsing the read line, latching 


the contents of the desired memory location, and setting the “data ready” (DRDY) signal. The memory busy 
signal tells the external users of the memory array that memory is presently unavailable and is asserted when 
the memory array is either busy accomplishing a read, write or a refresh operation. The strobe pulse on the 
read signal line instructs the control logic to commence the read operation and to assert the memory busy 
signal. Once the data is obtained from the desired memory location, it is latched into the output data latches, 
the data ready is asserted and memory busy signals is de-asserted. These signals indicates to the present 
external user that the requested data is ready and waiting on the memory output data lines. Additionally, the 
de-assertion of the memory busy signal indicate that the memory array is once again ready for further tasking. 

Writing the memory is accomplished is a similar but slightly different manner. Writing requires data so 
the first step (given the correct status of the memory busy signal) is the present valid data and assert the “data 
strobe” (DAS) signal. This signal, asserted by the external user of the memory, indicates to the memory 
control logic that the data now present on the input data lines is stable, valid and ready to be latched. The 





control logic then acts to latch the input data and will assert the memory busy signal. Once the input data is 
latched, this frees the external memory user to use the bus (or busses) for other business. Next (or 
simultaneous to the presentation of the input data), the external memory user presents the address of the target 
memory location and asserts the memory write signal. This signals directs the memory contro! logic to 
transfer the data (already latched or latched simultaneously) to the target memory location. Once the memory 
array control logic has completed the write operation, it will de-assert the memory busy signal. 

As the subject memory is dynamic, the stored charge will eventually leak or diminish and requires that 
it be periodically recharged, This is accomplished by the third memory operation, refresh. The refresh 
operation is executed regularly on a schedule dictated by the physics of the particular DRAM. Commercial 
DRAMs accomplish the refresh operation approximately every three - five milliseconds and the refresh 
operation requires approximately 300 nanoseconds [Ref. 9:p. 648]. The topic GaAs DRAM requires refresh 
at a minimum interval of approximately 3 milliseconds. The refresh operation basically consists of sequential 
reading then writing of (all data bits) each address in the memory array. It is not required that it be sequential, 
it happens to be easier to design the refresh controller logic to operate sequentially. The topic GaAs DRAM, 
by virtue of its particular sense amplifier design, only requires that the addresses be read in order to be 
refreshed, not read then written. For a more thorough discussion of the sense amplifier and the topic GaAs 
DRAM refresh operation, see the work of Vagts [Ref. 8:pp. 10-21]. 





If]. GALLIUM ARSENIDE LOGIC FAMILIES 


This discussion of GaAs logic families will be restricted to n-channel GaAs MESFETs, both 
enhancement-mode (e-mode) and depletion-mode (d-mode). There exists a p-channe] GaAs MESFET but it 
is not widely used because it requires a high electric field to obtain the necessary saturated velocity of holes 
in GaAs [Ref. 10:p. 195]. For an excellent discussion of the available GaAs logic families, see [Ref. 10:pp. 
195-244]. 


A. GALLIUM ARSENIDE DEPLETION-MODE LOGIC FAMILIES 

The Gallium Arsenide depletion-mode iogic families use both depletion-mode (normally-on) 
MESFETs and level-shifters, usually formed of forward-biased Schottky diodes. The level-shifters are 
required because the logic circuits in these families are characterized by unequal input/output voltage levels. 
This arises because V,,, must be made negative in order to turn off the depletion-mode MESFET, but V,; must 
remain positive at all times. Additionally, two power supplies are required in order to provide both positive 
and negative signals. These power supplies, positive Vp, (also referred to as V,;) and negative V,,. result in 
additional power dissipated in the circuit. However, in defense on the GaAs depletion-mode logic families, 
larger logic voltage swings may be obtained using depletion-mode GaAs MESFETs which results in better 
(larger) noise margins. 


1. Unbuffered FET Logic (UBFL) 
This form of GaAs logic circuit offers reasonably low power dissipation, high noise margins, 
fairly low propagation delays for low fanout only. However, UBFL requires excessive chip real estate as a 
single UBFL 2-input NOR gate requires five d-mode MESFETs and two Schottky diodes, see Figure 3.1 on 
page 8. For an example of a UBFL NAND gate, see Figure 3.2 on page 8. 


Vdd (+2.0V) 


1{A,B)-A NOR B 





Vsa (-2.0V) 


Figure 3.1 Gallium Arsenide UBFL NOR Gate [Ref. 1:p. 6] 


The UBFL NAND gate structure is very similar to that of the UBFL NOR, the primary difference 
is the logic-determining d-mode MESFETs (Q2 & Q3) are in series vice parallel. This serves to limit the 
functionality in reality to a two input gate because anymore than two series MESFETs will prevent the 
individual MESFETs from acting upon their inputs. This is because the input pin action is relative to the 
source or drain voltage and for series transistors it varies. For the above reasons, one designs GaAs fogic gates 
using almost exclusively NORs as the building blocks and applies the DeMorgan’s theorems [Ref. 9:pp. 154- 
155] to yield the other desired logic elements. For an example of a true UBFL NAND gaie, see Figure 3.2 on 
page 8. 
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Figure 3.2 Gallium Arsenide UBFL NAND Gate [Ref. 1:p. 6] 


2. Buffered FET Logic (BFL) 
One possible solution to cure the poor fanout offered by UBFL is to couple a UBFL logic circuit 
with a source-follower stage. This works well to proportionally decrease the propagation delay as the fanout 
is increased but requires the use of two, active load, d-mode MESFETs which increases the amount of power 


dissipated by the circuit. In addition, depending on the transistor sizes used, there is little savings in chip real 
estate. For an example of a BFL NOR gate, see Figure 3.3 on page 9. 
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Figure 3.3 Gallium Arsenide BFL NOR Gate [Ref. 1:p. 7] 


Examining Figure 3.3, the aforementioned source-follower stage is comprised of transistors Q4 
and Q5. The diodes D1 and D2 again provide logic level-shifting. The additional power requirements of BFL 
arise from the addition of the source-follower stage direct current path from Vp) to Vs. For an example of a 
true BFL NAND gate, see Figure 3.4 on page 9. 
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Figure 3.4 Gallium Arsenide BFL NAND Gate [Ref. |:p. 7] 


3. Schottky Diode FET Logic (SDFL) 

Thus far in the discussion of GaAs logic families or circuits, the desired logic function has been 
performed by GaAs MESFETs. The NOR function is accomplished by MESFETs in parallel. the NAND 
function, series MESFETS, and more complex functions, a combination of both paralle] and series 
MESFETs. Any use of Schottky diodes has been restricted to the level-shifting required by the circuit. 

At this point, it is instructive to mention that Schottky diodes are well suited to directly accomplish 
the desired logic function. Some of the attractive features of the Schottky GaAs diodes: low capacitance, low 
series resistance, plus none of the problems associated with pn junction diodes. An additional advantage is 
realized in chip real estate in that Schottky diode can be made physically smaller than MESFETs. The 
disadvantage to SDFL lies in poor fanout which can be cured by the addition of a follow-on buffer circuit, 
but this brings the power consumption of the circuit up to that of BFL. Another disadvantage of SDFL is each 
gate may require individual crafting of the element sizes, which in tum may cascade into a whole series of 


requisite design changes. For an example of a DIL NOR gate, see Figure 3.5 on page 10. 


Va {42 OV) 





(A,B) = A NOR B 


Vas (-2 0V} 


Figure 3.5 Gallium Arsenide DTL NOR gate (Ref. 1:p. 8] 


The DTL NAND requires even more diodes and MESFETs than the DTL NOR. For an example 
of a DTL NAND gate, see Figure 3.6 on page 11. 
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Figure 3.6 Gallium Arsenide DTL NAND gate [Ref. 1:p. 3] 


B. GALLIUM ARSENIDE ENHANCEMENT-MODE LOGIC FAMILIES 

Thus far, the discussion of GaAs logic families has been restricted to depletion-mode MESFETs. 
Enhancement-mode (normally off) GaAs MESFETs may also be used to implement logic functions and 
circuits. Because the e-mode MESFET may be tumed off with a V,,; of 0 volts, now V,, and V,,, are both 
positive, no level-shifting is required. and this allows the use (generally) of a single power supply, Vyp. 
Additionally, the saturation voltage V>p.,, of an e-mode MESFET is less than that of a d-mode MESFET and 
this allows for lower power supply voltages which yields chip real estate savings and lower power 
consumption. The smaller logic voltage swing, 0.0V to a maximum of 0.7V (limit®d by forward conduction), 
may provide very high switching speeds. 

Among the disadvantages of e-mode MESFETs are. first. the aforementioned smaller logic voltage 
swing requires careful uniformity of threshold voltages which places additional constraints on the fabrication 
process. A secoad disadvantage of e-mode MESFETs is that they are not particularly suited to being used as 
active loads because the charging current diminishes as the voltage across the load capacitor increases. This 
requires the use of d-mode MESFETs for the active load current sources of e-mode logic circuits. 


1. Direct-Coupled FET Logic (DCFL) 
DCFL provides the simplest and most widely used GaAs e-mode logic circuits. See Figure 3.7 on 
page 12 for an example of a DCFL 2-input NOR gate. Note the similarity between the mixed GaAs e-mode 


/ d-mode MESFETs used there and those of E/D NMOS circuits. The active load, current source pull-up is 
accomplished using the aforementioned d-mode MESFET (Q1). 
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Figure 3.7 Gallium Arsenide DCFL NOR gate (Ref. 1:p. 10] 


The DCFL NAND gate is very similar is structure to the NAND gates previously presented. The 
use of the active pull-up (Q1) precludes the previously used follow-on stages. See Figure 3.8 on page 12 for 
an example of DCFL NAND gate. It should been mentioned again that the use of so called “real” NAND gates 
is infrequent because of the series MESFETs, Q2 & Q3. These series MESFETs slow the operation of ihe 
circuit and therefore NAND gates constructed of NOR gates are almost exclusively used. 
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Figure 3.8 Gallium Arsenide DCFL NAND gate [Ref. 1:p. 10] 


At this point it is illustrative to introduce the most basic logic gate, that of an inverter. See Figure 


3.9 on page 13 for an example of a DCFL inverter logic gate. The symbol “/” preceding the A” means “NOT 
A”. 
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Figure 3.9 Gallium Arsenide DCFL INVERTER gate (Ref. l:p. 11] 


DCFL logic circuits offer fast switching speed but smali noise margins (on the order of 200 
millivolts, both high and low). These small noise margins require that the fabrication process pay particular 
attention to the material integrity and process parameters. Additionally, the fanout foad for DCFL logic 
circuits is generally limited to two DCFL logic gates. The constraints placed on the logic designer by DCFL 
logic's low fanout and smaller noise margins lead to the incorporation of a buffer stage, this subfamily of 
DCFL is known as superbuffer FET logic. The topic GaAs DRAM integrated circuit chip was designed 
almost exclusively using DCFL and SBFL logic gates. 

2. Superbuffer FET Logic (SBFL) 
The peak load current - static current ratio of a DCFL inverter can Be significantly improved 


through the addition of a quasi-complementary output driver (superbuffer). See Figure 3.10 on page 13 for 
the example schematic of a SBFL inverter. 
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Figure 3.10 Gallium Arsenide SBFL INVERTER gate [Ref. 10:p. 215] 
Note tha: the d-mode MESFET (Q1) acts again as an active load current source. Use of SBFL 


requires that the designer provide ample power bus width for the momentary voltage drop which occurs prior 


13 


to the HIGH to LOW transition. It is in instructive to note that once the DCFL inverter, transistors Q, and Q,, 
passes its propagation delay, the load (cuanected between Q, and Q,) will receive the full current capability 
of either Q, or Q,. The addition of the superbuffer solves, to some extent. the poor fanout and smaller noise 
margin shortcomings of DCFL bu: adds propagation delay and requires more chip real estate in exchange. It 
should be mentioned that the static power of the SBFL driver (Q, and Q,) is equal to the static power of the 
DCFL inverter (Q, and Q,). A further illustration of SBFL gates, a SBFL NOR gate. may be seen in Figure 
3.11 on page 14. 
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Figure 3.11 Gallium Arsenide SBFL NOR gate (Ref. [0:p. 215] 
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The extra chip real estate required and the increased power requirements of the superbuffer stage 
limit the use of the SBFL gates to those situations in which the fanout is unusually high and high speed is 
mandatory, such as clock drivers. This specific topic will be more thoroughly discussed in the succeeding 
chapters. One last note on 5dFL, as noted on [Ref. 10:p. 216], a direct comparison between SBFL and DCFL 
ring oscillators yielded SBFL gate delays of 178 picoseconds and DCFL gates delays of 276 picosecands. 


3. Other GaAs E-mode Logic Families 
Several other GaAs e-mode logic families exist: source-coupled FET logic (SCFL) which is very 
fast, E/D Buffered FET Logic (E/D BFL) which combines the best use of e-mode and d-mode GaAs 
MESFETs with BFL, pass transistor logic and complementary junction FET (JFET) logic. For a very 
thorough discussion of these additional GaAs e-mode logic families, the reader may peruse [Ref. 10:pp. 216- 
231). 


The succeeding chapters will begin to discuss the actual logic elements used and the circuits which 
make up the GaAs DRAM. 





IV. GALLIUM ARSENIDE DRAM LOW-LEVEL CIRCUITS 


During the course of the design a multitude of different GaAs logic circuits were designed, tested and 
discarded for various reasons. Some of the reasons included poor noise margins and low fanout capabilities 
which did not become obvious until the target elements where placed into a larger circuit which then failed 
to function correctly. In addition, while no specific attempt was made at overall power consumption 
optimization, it was considered to be one of the factors while the design was in progress. The overriding factor 
that was used in judging the operation of the target GaAs logic element was a combination of speed and 
fanout. Early in the design cycle, little attention was paid to the mixing within a circuit of the various e-mode 
logic elements. After some time, it became obvious that DCFL will drive approximately two DCFL gates and 
perhaps as few as one SBFL gate, whereas SBFL could drive more than two DCFL gates, but usually at a 
slower speed. When germane, these issues will be mentioned in the discussion that follows. 


A. GaAs DRAM DCFL Logic Circuits 

The greatest majority of the GaAs DRAM circuits were designed using DCFL gates. This section will 
present the specific DCFL gates designed, tested, and used, presenting the schematic and logical equivalence 
for each. The following characteristics for each circuit will be demonstrated and presented: transient analysis 
under standard load, power consumption at nominal and high temperature, propagation delays and noise 
margins. These characteristics will be further summarized in TABLE 4.1 on page 158. 


1. DCFL Inverter (DINV) 


The basic and most widely used DCFL logic element was the inverter, hereafter called “DINV” 
for DCFL Inverter. As previously mentioned. tue NAND gates were infrequently used, the more common 
ANDs, NANDs, and ORs were built using NORs with DINVs as per DeMorgan's theorems. See Figure 4.1 
on page 16 for the DINV schematic and logical equivalence. 
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Figure 4.1 Schematic and Logical Equivalence for DINV 


The following graph, Figure 4.2 on page 17, shows the output of the DINV for the input of a 50% 
duty cycle 4200 picosecond (ps) square wave with an input LOW (L) = 0.063V and HIGH (H) = 0.63V. The 
DINV was tested with two DINVs connected in parallel to the output as a standard DCFL load. Notice how 
the LOW to HIGH transition is somewhat slower than the HIGH to LOW transition. This is caused by the use 
of the active load pull-up Q1 (see Figure 4.1 on page 16). The pull-up transistor never turns completely off 
and this causes the delay in the LOW to HIGH transition. Similar LOW to HIGH transition characteristics are 
displayed by E/D NMOS logic circuits. The lower graph of Figure 4.2 on page 17 indicates the power 
dissipation of DINV operating at a temperature of 25.0C under a standard load of two DCFL Inverters 
(DINVs). See "Listing File for DINV Transient Analysis at 25.0C" of Appendix A on page 259. 
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Figure 4.2 DINV HSPICE Transient Analysis and Power Dissipation at 25.0C 


Temperature affects both the transient analysis and the DC transfer curve characteristics (from 
which the noise margins are calculated) for GaAs circuits. Whereas Figure 4.2 on page 17 (lower graph) 
shows the transient analysis of the DINV at room temperature (25.0C), Figure 4.3 on page 18 indicates the 
increased power consumption and slightly slower speed of the same circuit operating at 85.0C. 
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Figure 4.3 DINV HSPICE Transient Analysis and Power Dissipation at 85.0C 


The noise margin calculations are calculated from the DC transfer curve for a DINV logic gate 
operating at 25.0C. See Figure 4.4 on page 19 for this graph. The noise margin calculation procedures are 
presented in this figure as used. This is the only example offered of noise margin calculation procedures 
though the noise margins for all the logic gates have been calculated and will be summarized in TABLE 4.1 
on page 158. Reviewing Figure 4.4 on page 19, it is obvious that the noise margins are not as well balanced 
(NM versus NM};) as may be desired. The cause of this shift of balance between NM, and NMy, is the ratio 
of the physical size of the DINV pull-up MESFET relative to the size of the DINV pull-down MESFET. (See 
the DINV MESFET sizes in Figure 4.1 on page 16). One of the GaAs logic circuit design rules is maintenance 
of a sixteen-to-one of pull-down to pull-up size ratio. This rule allows for some variance as the DINV was 
designed with a 1-to-1 ratio on the “front end” and a sixteen-to-1 ratio on the “back end”. Not splitting the 
Gallium Arsenide MESFET gate length versus gate width ratio into the idealized 2-to-1 for gate length and 
8-to-! for gate width is the cause of these skewed noise margins. 
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Figure 4.4 DINV DC Transfer Curve at 25.0C 


The operating temperature of the circuit affects the noise margins as well as power dissipation and 
transient operating characteristics, see Figure 4.5 on page 20 for the DC transfer eurve for a DINV logic gate 
operating at 85.0C. One can see that the relative position of the DC transfer curve has shifted somewhat, 
though the noise margins were not improved significantly. See TABLE 4.1 on page 158 for the specific noise 
margins for each logic gate. 
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Figure 4.5 DINV DC Transfer Curve at 85.0C 
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2. DCFL 2-Input NOR (DZ2NOR) 

The following graphs represent the operating characteristics of the D2NOR. The D2NOR 
schematic and logical representation are shown in Figure 4.6 on page 21. Figure 4.7 on page 21 indicates the 
transient analysis and power dissipation of the D2NOR logic gate at an operating temperature of 25.0C. The 
transient voltage spike shown in the output of Figure 4.7 (upper graph) (occurring at approximately 8.0 
nanoseconds) is a result of non-overlapping input signals. That is to say, the first input signal goes LOW 
before the second input signal goes HIGH, consequently, the output begins to change from LOW to HIGH. 
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Figure 4.6 D2NOR Schematic and Logical Equivalence 
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Figure 4.7 D2NOR HSPICE Transient Analysis and Power Dissipation at 25.0C. 


Transient analysis and power dissipation for the DZ2NOR logic gate operating at 85.0C is displayed 
in Figure 4.8 on page 22. Notice the increased power dissipation caused by the higher operating temperature. 
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Figure 4.8 D2NOR HSPICE Transient Analysis and Power Dissipation at 85.0C 
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The DC transfer characteristic of the D2NOR logic gate operating at a temperature of 25.0C is 
shown in Figure 4.9 on page 23. Notice that in Figure 4.9, the DC transfer curve is again “skewed” or shifted. 
The same conscious design decision is again the culprit. See the previous discussion on skewed noise 
margins. 
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Figure 4.9 D2NOR DC Transfer Curve at 25.0C 


The DC transfer characteristic of the DZ2NOR logic gate operating at a temperature of 85.0C is 
shown in Figure 4.10 on page 24, 
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Figure 4.10 DZNOR DC Transfer Curve at 85.0C 


3. DCFL 3-input NOR (D3NOR) 

The following graphs represent the operating characteristics of the D3NOR. As previously 
mentioned, most GaAs DRAM logic gates were constructed of NORs, specifically DCFL NOR gates. The 
D3NOR schematic and logical representation are shown in Figure 4.11 on page 25. Notice again the sizing 
of the MESFETs and its associated effect on transient operation and noise margins. 
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Figure 4.11 D3NOR Schematic and Logical Equivalence 


Figure 4.12 on page 26 represents the transient analysis and power dissipation of the D3NOR logic 
gate at an operating temperature of 25.0C. The transient voitage spikes shown in the output of Figure 4.12 
(upper graph) (occurring at approximately 9 nanoseconds and 17 nanoseconds) result from non-overlapping 
input signals as previously mentioned. It is interesting to note that the majority of the power dissipation occurs 
when the output is HIGH. 
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Figure 4.12 D3NOR HSPICE Transient Analysis and Power Dissipation at 25.0C 


The transient analysis and power dissipation of the D3NOR operating at a temperature of 85.0C 
is shown in Figure 4.13 on page 27. 
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Figure 4.13 D3NOR HSPICE Transient Ansiysis and Power Dissipation at 85.0C 


The DC transfer characteristic of the D3NOR logic gate operating at a temperature of 25.0C is 
shown in Figure 4.14 on page 28. 
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Figure 4.14 D3NOR DC Transfer Curv at 25.0C 


shown in Figure 4.15 on page 29. 


28 








HSPICE FILE CREATEO FOR CKT OINOR' OC TRANSFER CuRVE B85 OC 


QINGR4 S$*O 
= OUTZIN 
| ae 


S. 


Ss 
~ 


Be ahh aled ata TAT 8 ia Sg tack ahha Aas cae. 
100.06 200 0M 300 400.0 590 OM 


OM Go OM 
VOLTS (CLIN) am 30 ON 


Figure 4.15 D3NOR DC Transfer Curve at 85,0C 


4. DCFL 4-Input NOR Gate (D4NOR) 

The following graphs represent the operating characteristics of the D4NOR. As previously 
menuoned, most GaAs DRAM logic gates were constructed of NOR’s, specifically DCFL NOR gates. The 
D4NOR schematic and logical representation are shown in Figure 4.16 on page 30. Notice again the sizing 
of the MESFETs and its associated effect on transient operation and noise margins. 





Figure 4.16 D4NOR Schematic and Logical Equivalence 


The transient analysis and power dissipation of the D4NOR logic gate operating at a temperature 
of 25.0C is shown in Figure 4.17 on page 30. See "Listing File for D4NOR Transient Analysis @ 25.0C" of 
Appendix A on page 262. 
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Figure 4.17 D4NOR HSPICE Transient Analysis and Power Dissipation at 25.0C 
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The transient analysis and power dissipation of the D4NOR operating at a temperature of 85.0C 
& is shown in Figure 4.18 on page 31. 
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Figure 4.18 D4NOR HSPICE Transient Analysis and Power Dissipation at 85.0C 
The DC transfer characteristic of the D4NOR logic gate operating at a temperature of 25.0C is 
shown in Figure 4.19 on page 32. 
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Figure 4.19 D4NOR DC Transfer Curve at 25.0C 


The DC transfer characteristic of the D4NOR logic gate operating at a temperature of 85.0C is 
shown in Figure 4.20 on page 33. 
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Figure 4.20 D4NOR DC Transfer Curve at 85.0C 


5. DCFL2-input True NAND Gate (D2NAND) 

As previously mentioned, the largest majority of the DCFL GaAs DRAM logic gates are 
constructed from DCFL NOR gates. This gate, D2NAND, is an exception. It was necessary to use a true 
NAND gate in two fundamental circuits of the GaAs DRAM. These circuits are DLATCH and SDLATCH. 
The true NAND gate is very fast but as shown by its physical size in Figure 4.21 on page 34, it occupies 
considerable chip real estate. Figure 4.21 on page 34 presents the DZNAND schematic and logical 


equivalence. 
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Figure 4.21 D2NAND Schematic and Logical Equivalence 


The transient analysis and power dissipation of the DZNAND operating at a temperature of 25.0C 
is shown in Figure 4.22 on page 34. 
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Figure 4.22 D2NAND HSPICE Transient Analysis and Power Dissipation at 25.0C 





The transient analysis and power dissipation of the DINAND operating at a temperature of 85.0C 
& is shown in Figure 4.23 on page 35. 
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Figure 4.23 D2NAND HSPICE Transient Analysis and Power Dissipation at 85.0C 


The DC transfer characteristic of the DZNAND logic gate operating at a temperature of 25.0C is 
shown in Figure 4.24 on page 36. 
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Figure 4.24 D2NAND DC Transfer Curve at 25.0C 


The DC transfer characteristic of the DZNAND logic gate operating at a temperature of 85.0C is 


shown in Figure 4.25 on page 37. 
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Figure 4.25 D2NAND DC Transfer Curve at 85.0C 
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DCFL 2-input NAND Gate (DD2NAND) 


A DD2NAND logic gate is constructed using the DeMorgan equivalent of a D2NOR with two 


DINVs on its inputs and one DINV on its output. The end result is a DCFL 2-input NAND ; ‘te and Figure 


4.26 on page 37 presents the DD2NAND schematic and logical equivalence. 
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Figure 4.26 DD2NAND Schematic and Logical Equivalence 
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The transient analysis and power dissipation of the DDZNAND operating at a temperature of & 
25.0C is shown in Figure 4.27 on page 38. 
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Figure 4.27 DD2NAND HSPICE Transient Analysis and Power Dissipation at 25.0C 


The transient analysis and power dissipation of the DD2NAND operating at a temperature of 
85.0C is shown in Figure 4.28 on page 39. 
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Figure 4.28 DD2NAND HSPICE Transient Analysis and Power Dissipation at 85.0C 


The DC transfer characteristic of the DD2NAND logic gate operating at a temperature of 25.0C 
is shown in Figure 4.29 on page 40. 
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Figure 4.29 DD2NAND DC Transfer Curve at 25.0C 


The DC transfer characteristic of the DD2NAND logic gate operating at a temperature of 85.0C 
is shown in Figure 4.30 on page 41. 
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Figure 4.30 DD2NAND DC Transfer Curve at 85.0C 


7.  DCFL 3-input NAND Gate (DD3NAND) 
A DD3NAND logic gate is constructed using the DeMorgan equivalent of a D3NOR with three 
DINVs on its inputs and one DINV on its output. The e:1 result is a DCFL 3-input WAND gate and Figure 
4.31 on page 41 presents the DD3AND schematic and logical equivalence. 
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Figure 4.31 DD3NAND Schematic and Logical Equivalence 
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The transient analysis and power dissipation of the DD3NAND operating at a temperature of 
25.0C is shown in Figure 4.32 on page 42. See "Listing File for DD3NAND Transient Analysis @ 25.0C™ of e 
Appendix A on page 265. 
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Figure 4.32. DD3NAND HSPICE Transient Analysis and Power Dissipation at 25.0C 


The transient analysis and power dissipation of the DD3NAND operating at a temperature of 
85.0C is shown in Figure 4.33 on page 43. 
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Figure 4.33 DD3NAND HSPICE Transient Analysis and Power Dissipation at 85.0C 


The DC transfer characteristic of the DD3NAND logic gate operating at a temperature of 25.0C 
is shown in Figure 4.34 on page 44, 
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Figure 4.34 DD3NAND DC Transfer Curve at 25.0C 


The DC transfer characteristic of the DD3NAND logic gate operating at a temperature of 85.0C 
is shown in Figure 4.35 on page 45. 
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Figure 4.35 DD3NAND DC Transfer Curve at 85.0C 


DCFL 2-input AND Gate (DD2AND) 


A DD2AND logic gate is constructed using the DeMorgan equivalent of a DZNOR with two 


DINVs on its inputs. The end result is a DCFL 2-input AND gate and Figure 4.36 on page 45 presents the 
DD2AND schematic and logical equivalence. 
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Figure 4.36 DD2AND Schematic and Logical Equivalence 
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The transient analysis and power dissipation of the DDZAND operating at a temperature of 25.0C 


is shown in Figure 4.37 on page 46. 
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Figure 4.37 DD2AND HSPICE Transient Analysis and Power Dissipation at 25.0C 


The transient analysis and power dissipation of the DD2AND operating at a temperature of 85.0C 


is shown in Figure 4.38 on page 47. 
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Figure 4.38 DD2AND HSPICE Transient Analysis and Power Dissipation at 85.0C 


The DC transfer characteristic of the DD2AND logic gate operating at a temperature of 25.0C is 
shown in Figure 4.39 on page 48. 
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Figure 4.39 DD2AND DC Transfer Curve at 25.0C 


The DC transfer characteristic of the DD2AND logic gate operating at a temperature of 85.0C is 
shown in Figure 4.40 ov page 49. 
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Figure 4.40 DD2AND DC Transfer Curve at 85.0C 


9. DCFL 3-input AND Gate (DD3AND) 


A DD3AND logic gate is constructed using the DeMorgan equivalent of a D3NOR with three 
DINVs on its inputs. The end result is a DCFL 3-input AND gate and Figure 4.41 on page 49 presents the 
DD3AND schematic and logical equivalence. 
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Figure 4.41 DD3AND Schematic and Logical Equivalence 
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The transient analysis and power dissipation of the DD3AND operating at a temperature of 25.0C ® 
is shown in Figure 4.42 on page 50. 
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Figure 4.42 DD3AND HSPICE Transient Analysis and Power Dissipation at 25.0C 


The transient analysis and power dissipation of the DD3AND operating at a temperature of 85.0C 


is shown in Figure 4.43 on page 51. 





HSPICE FILE CREATED FOR CIRCUIT OB3ZAND- TRANSTENTEPOWERE 85 GC 














2 r fie tye eet ae 3 JO TRG 
600 OM > | | see 
E aes a= erm era 
3 | i : t IN 
500 0M — H [: 4+ G--—- - 
v 2 ‘ LINC 
: Z E ee ae 
t 400.0M — 4 eoueul 
L : H | 
I 300 OM — | 4 
8 : | } 
200 0M — | 4 
= 4 
~ } 4 
100 OM — ! = 
24 5972 Seley A 1 4 $ 5 s teqeeeebe ty ear I * r good 
eS by - QO2ANLe t84 
-9.60M — | Sven Oe 
. 2 i . foe ee 
5 | | 4 
: -9.80M - | 3 
y . = | a 
10.0M — = 
’ = 
; c 
‘ : 
-10.20M — z 
2 
-10.40M 7: { pane 
-10.60M = ( , ’ fits cl ' 1 t ‘ { ‘ ’ ' ' | ' t ‘ 4 {oy 
10.0N 26.0N 20 ON. 4o_ ON 
0. TIME CLIN) 42 ON 
Figure 4.43 DD3AND HSPICE Transient Analysis and Power Dissipation at 85.0C 
The DC transfer characteristic of the DD3AND logic gate operating at a temperature of 25.0C is 
shown in Figure 4.44 on page 52. 
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Figure 4.44 DD3AND DC Transfer Curve at 25.0C 


The DC transfer characteristic of the DD3AND logic gate operating at a temperature of 85.0C is 
shown in Figure 4.45 on page 53. 
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Figure 4.45 DD3AND DC Transfer Curve at 85.0C 


10. DCFL 4-input AND Gate (DD4AND) 


A DD4AND logic gate is constructed using the DeMorgan equivalent of a D4NOR with four 
DINVs on its inputs. The end result is a DCFL 4-input AND gate and Figure 4.46 on page 54 presents the 
DD4AND schematic and logical equivalence. 
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Figure 4.46 DD4AND Schematic and Logical Equivalence 


The transient analysis and power dissipation of the DD4AND operating at a temperature of 25.0C 
is shown in Figure 4.47 on page 54. See "Listing File for DD4AND Transient Analysis @ 25.0C” of 
Appendix A on page 268. 


HSPICE FILE CREATED FOR CIRCUIT COYAND: TRANSTENTROEOWER Sed OC 























= 5 . AN ooyaNo Tee 
609 OM — | | | + iNG 
Ps 4 mf Oe ae 
: ll 
r 600 0M = INE 
0 2 —_ j ee teks tee Tae 
L 7 i INO 
+ 490 OM — i s . 
; {1 “output 
L = j aa 
1 300 OM = 4 
N : ] 
: 4 
206.0 — =f 
: ; 4 
= | ee 
100 OM = | ' é 
16 594 y ctmernebare teeta beatae ea Ts Mahi hes si. 
10.601M- DUYANDI TRG 
: PCVOS 
16 80M > = 
2 Z 
x “11 0M > { = 
. : | 
T = i 
; tb 20M 7 | ] 4 
L 11.40M = i | 4 
j = 
by 11.60M > = 
: : 
11.g0M — | s 
le om = = 
-}e 20M Si yun eben a ee Ea a a ae hae ade ba back aS 
10 GN 20 ON 38 ON 40 ON 50 ON 60 ON 7D ON 
0 TIME CLIN) 79 9590N 


Figure 4.47 DD4AND HSPICE Transient Analysis and Power Dissipation at 25.0C 
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The transient analysis and power dissipation of the DD4AND operating at a temperature of 85.0C 
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Figure 4.438 DD4AND HSPICE Transient Analysis and Power Dissipation at 85.0C 


The DC transfer characteristic of the DD4AND logic gate operating at a temperature of 25.0C is 





is shown in Figure 4.48 on page 55. 
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shown in Figure 4.49 on page 56. 
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Figure 4.49 DD4AND DC Transfer Curve at 25.0C 


The DC transfer characteristic of the DD4AND logic gate operating at a temperature of 85.0C is 


shown in Figure 4.50 on page 57. 
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Figure 4.50 DD4AND DC Transfer Curve at 85.0C 


11. DCFL 2-input OR Gate (DDZOR) 


A DD20R logic gate is constructed using the DeMorgan equivalent of a DZNOR with a single 
DINV on its input. The end result is a DCFL 2-input OR gate and Figure 4.51 on page 57 presents the DD2O0R 
schematic and logical equivalence. 
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Figure 4,51 DD2OR Schematic And Logical Equivalence 


The transient analysis and power dissipation of the DD2OR operating at a temperature of 25.0C 


is shown in Figure 4.52 on page 58. 
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Figure 4.52 DD2OR HSPICE Transient Analysis and Power Dissipation at 25.0C 


The transient analysis and power dissipation of the DD2OR operating at a temperature of 85.0C 
is shown in Figure 4.53 on page 59. 
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Figure 4.53 DD2OR HSPICE Transient Analysis and Power Dissipation at 85.0C 


The DC transfer characteristic of the DD2OR logic gate operating at a temperature of 25.0C is 
shown in Figure 4.54 on page 60. 
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Figure 4.54 DD20R DC Transfer Curve at 25.0C 


The DC transfer characteristic of the DD2OR logic gate operating at a temperature of 85.0C is 
shown in Figure 4.55 on page 61. 
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Figure 4.55 DD2OR DC Transfer Curve at 85.0C 


12. DCFL 3-input OR Gate (DD3OR) 


A DD30OR logic gate is constructed using the DeMorgan equivalent of a D3NOR with a single 
DINV on its input. The end result is a DCFL 3-input OR gate and Figure 4.56 on page 61 presents the DD3OR 
schematic and logical equivalence. 
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Figure 4.56 DD3OR Schematic And Logical Equivalence 


The transient analysis and power dissipation of the DD3OR operating at a temperature of 25.0C 
is shown in Figure 4.57 on page 62. 
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Figure 4.57 DD3OR HSPICE Transient Analysis and Power Dissipation at 25.0C 





The transient analysis and power dissipation of the DD3OR operating at a temperature of 85.0C 
is shown in Figure 4.58 on page 63. 
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Figure 4.58 DD3OR HSPICE Transient Analysis and Power Dissipation at 85.0C 


The DC transfer characteristic of the DD3OR logic gate operating at a temperature of 25.0C is 


shown in Figure 4.59 on page 64. 
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Figure 4.59 DD3OR DC Transfer Curve at 25.0C 


The DC transfer characteristic of the DD3OR logic gate operating at a temperature of 85.0C is 
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Figure 4.60 DD3OR DC Transfer Curve at 85.0C 


13. DCFL 4-input OR Gate (DD4OR) 


A DD4OR logic gate is constructed using the DeMorgan equivalent of a DNOR with a single 
DINV on its input. The end result is a DCFL 4-input OR gate and Figure 4.61 on page 65 presents the DD40R 
schematic and logical equivalence. 
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Figure 4.61 DD4OR Schematic And Logical Equivalence 
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The transient analysis and power dissipation of the DD4OR operating at a temperature of 25.0C 
is shown in Figure 4.62 on page 66. See “Listing File for DD4OR Transient Analysis @ 25.0C” of Appendix 
A on page 271. 
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Figure 4.62 DD4OR HSPICE Transient Analysis and Power Dissipation at 25.0C 


The transient analysis and power dissipation of the DD4OR operating at a temperature of 85.0C 
is shown in Figure 4.63 on page 67. 
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Figure 4.63 DD4OR HSPICE Transieni Analysis and Power Dissipation at 85.0C 


The DC transfer characteristic of the DD4OR logic gate operating at a temperature of 25.0C is 
shown in Figure 4.64 on page 68. 
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Figure 4.64 DD4OR DC Transfer Curve at 25.0C 


The DC transfer characteristic of the DD4OR logic gate operating at a temperature of 85.0C is 


shown in Figure 4.65 on page 69. 
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Figure 4.65 DD4OR DC Transfer Curve at 85.0C 


14. “BIG” DCFL INVERTER (BDINV) 


A very fast and powerful DCFL inverter was required for several circuits specifically, DELAY 
and BS2AND. The sizes of the MESFETs and its associated schematic and logical equivalence are shown in 
Figure 4.66 on page 69. 
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Figure 4.66 BDINV Schematic And Lc zical Equivalence 
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The transient analysis and power dissipation of the BDINV operating at a temperature of 25.0C is 
shown in Figure 4.67 on page 70, Examining Figure 4.67, the “ringing” in the lower (power) graph is believed 


to be caused by a current surge in the output node. When this logic circuit is used to drive larger circuits for 


which it was specifically designed, the output node shows no “ringing” because of the dampening factor of 


the increased load. For an excellent discussion of the device physics, see [Ref. 10:pp. 11-78}. 


aiTW Oe 


zen 


HH Ds 


MSPICE FILE 


So Sas ee 


epee rperirperbegbrregegn tyre 


5 


CREATED 


COR £1@curt Bb 
ye 
| 4 
| by 

Vj 
| of 
it 
} 
iH 
i 
iT 
ii 
tl 


ae | 








beste! oe 


\twvews AMARA 


! 


} 


fh 


TTME 


ae 
il 


aN 


ee 





fF YMA as 


l | 


| 
ity, ae 
Ki" PRn ne ee 


1g 5 


aN 


Figure 4.67 BDINV HSPICE Transient Analysis and Power Dissipation at 25.0C 


The transient analysis and power dissipation of the BDINV operating at a temperature of 85.0C is 


shown in Figure 4.68 on page 71. 
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Figure 4.68 BDINV HSPICE Transient Analysis and Power Dissipation at 85.0C 


The DC transfer characteristic of the BDINV logic gate operating at a temperature of 25.0C is 
shown in Figure 4.69 on page 72. 
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Figure 4.69 BDINV DC Transfer Curve at 25.0C 


The DC transfer characteristic of the BDINV logic gate operating at a temperature of 85.0C is 
shown in Figure 4.70 on page 73. 
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Figure 4.70 BDINV DC Transfer Curve at 85.0C 


18. DCFL LATCH (DLATCH) 


A data latch is constructed from DCFL logic gates. The DLATCH circuit schematic and logical 
equivalence are shown in Figure 4.71 on page 73. 





Figure 471 DLATCH Schematic And Logical Equivalence 
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The transient analysis and power dissipation of the DLATCH operating at a temperature of 25.0C 
is shown in Figure 4.72 on page 74. See “Listing File for DLATCH Transient Analysis @ 25.0C” of Appendix 


A on page 279. 
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Figure 4.72 DLATCH HSPICE Transient Analysis and Power Dissipation at 25.0C 


The transient analysis and power dissipation of the DLATCH operating at a temperature of 85.0C 


is shown in Figure 4.73 on page 75. 
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Figure 4.73 DLATCH HSPICE Transient Analysis and Power Dissipation at 85.0C 


The DC transfer characteristic of the DLATCH logic gate operating at a temperature of 25.0C is 
shown in Figure 4.74 on page 76. 
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Figure 4.74 DLATCH DC Transfer Curve at 25.0C 


The DC transfer characteristic of the DLATCH logic gate operating at a temperature of 85.0C is 
shown in Figure 4.75 on page 77. 
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Figure 4.75 DLATCH DC Transfer Curve at 85.0C 


16. DCFL /Clear Data Flip-Flop (CPDFF) 
A data flip-flop with asynchronous active low CLEAR is constructed from DCFL logic gates. This 
logic element was constructed specifically for use in the COUNTER circuit. The CPDFF circuit schematic 
and logical equivalence are shown in Figure 4.76 on page 78. 
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Figure 4.76 CPDFF Schematic And Logical Equivalence 


The transient analysis and power dissipation of the CPDFF operating at a temperature of 25.0C is 
shown in Figure 4.77 on page 79. See “Listing File for CPDFF Transient Analysis @ 25.0C” of Appendix A 
on page 275. 
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Figure 4.77 CPDFF HSPICE Transient Analysis and Power Dissipation at 25.0C’ 


The transient analysis and power dissipation of the CPDFF operating at a temperature of 85.0C is 
shown in Figure 4.78 on page 80. 
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Figure 4.78 CPDFF HSPICE Transient Analysis and Power Dissipation at 85.0C 


The DC transfer characteristic of the CPDFF logic gate operating at a temperature of 25.0C is 


shown in Figure 4.79 on page 81. 
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Figure 4.79 CPDFF DC Transfer Curve at 25.0C 


The DC transfer characteristic of the CPDFF logic gate operating at a temperature of 85.0C is 
shown in Figure 4.80 on page 82. 
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Figure 4.80 CPDFF DC Transfer Curve at 85.0C 


B. GaAs DRAM SBFL Logic Circuits 

This section will present the specific SBFL gates used, presenting the schematic and logical equivalence 
for each. The following characteristics for each circuit will be demonstrated and presented: transient analysis 
under standard load, power consumption at nominal and high temperature, propagation delays and noise 


margins. These characteristics will be further summarized in TABLE 4.1 on page 158. 


1. SBFL Inverter (SINV) 


The basic and most widely used SBFL logic element was the inverter, hereafter called “SINV” for 
SBFL Inverter. As previously mentioned, true NAND gates were infrequently used, the more common SBFL 
ANDs, NANDs, and ORs were built using NORs with SINVs as per DeMorgan’s theorems. See Figure 4.81 
on page 83 for the SINV schematic and logical equivalence. 
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Figure 4.81 Schematic and Logical Equivalence for SINV 


The transient analysis and power dissipation of the SINV operating at a temperature of 25.0C is 
shown in Figure 4.82 on page 83. 
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Figu. : 4.82 SINV HSPICE Transient Analysis and Power Dissipation at 25.0C 





The transient analysis and power dissipation of the SINV operating at a temperature of 85.0C is 
shown in Figure 4.83 on page 84. 
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Figure 4.83 SINV HSPICE Transient Analysis and Power Dissipation at 85.0C 


The DC transfer characteristic of the SIN'V logic gate operating at a temperature of 25.0C is shown 


in Figure 4.84 on page 85. 
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Figure 4.84 SINV DC Transfer Curve at 25.0C 
The DC transfer characteristic of the SINV logic gate operating at a temperature of §5.0C is shown 
in Figure 4.85 on page 86. 
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Figure 4.85 SINV DC Transfer Curve at 85.0C 


2. Super SBFL Inverter (SSINV) 

It was necessary to construct a very fast and powerful driver-inverter for use in the CLOCK 
circuit. Two reasons were the need to drive many gates and the need to minimize clock skew under heavy 
load. This SBFL logic element was the super SBFL inverter, hereafter called “SSINV”. This very fast and 
powerful logic element extracts its cost in chip real estate. The sizes of the SSINV MESFETs are very large. 
See Figure 4.86 on page 87 for the SSINV schematic and logical equivalence. 
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Figure 4.86 Schematic and Logical Equivalence for SSINV 


The transient analysis and power dissipation of the SSINV operating at a temperature of 25.0C is 
shown in Figure 4.87 on page 87. 
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Figure 4.87 SSINV HSPICE Transient Analysis and Power Dissipation at 25.0C 








The transient analysis and power dissipation of the SSINV operating at a temperature of 85.0C is 
shown in Figure 4.88 on page 88. © 
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Figure 4.88 SSINV HSPICE Transient Analysis and Power Dissipation at 85.0C 


The DC transfer characteristic of the SSINV logic gate operating at a temperature of 25.0C is 
shown in Figure 4.89 on page 89. 
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Figure 4.89 SSINV DC Transfer Curve at 25.0C 
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The DC transfer characteristic of the SSINV logic gate operating at a temperature of 85.0C is 
shown in Figure 4.85 on page 86. 
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Figure 4.90 SSINV DC Transfer Curve at 85.0C 


3.  SBFL 2-input NOR Gate (S2NOR) 


The following graphs represent the operating characteristics of the S2NOR. As previously 
mentioned, true NAND gates were infrequently used, the more common SBFL ANDs, NANDs, and ORs 


were built using NORs with SINVs as per DeMorgan’s theorems. See Figure 4.91 on page 91 for the SZNOR 


schematic and logical equivalence. 








armao=x 


2 


ZT HAD 


Vide (+2.0V} 





LEGEND: U e Micro 


1(A.8) » ANOR 8 
equais 


Figure 4.91 Schematic and Logical Equivalence for S2NOR 
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The transient analysis and power dissipation of the S2NOR operating at a temperature of 25.0C is 
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shown in Figure 4.92 on page 91. 
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Figure 4.92 S2NOR HSPICE Transient Analysis and Power Dissipation at 25.0C 





The transient analysis and power dissipation of the S2NOR operating at a temperature of 85.0C is 
shown in Figure 4.93 on page 92. @ 
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Figure 4.93 S2NOR HSPICE Transient Analysis and Power Dissipation at 85.0C 


The DC transfer characteristic of the S2NOR logic gate operating at a temperature of 25.0C is 
shown in Figure 4.94 on page 93. 
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Figure 4.94 S2NOR DC Transfer Curve at 25.0C 


The DC transfer characteristic of the S2NOR logic gate operating at a temperature of 85.0C is 
shown in Figure 4.95 on page 94. 
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Figure 4.95 SZNOR DC Transfer Curve at 85.0C 


SBFL 3-input NOR Gate (S3NOR) 


The following graphs represent the operating characteristics of the S3NOR. See Figure 4.96 on 
page 95 for the S3NOR schematic and logical equivalence. 
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Figure 4.96 Schematic and Logical Equivalence for S3NOR 


The transient analysis and power dissipation of the S3NOR operating at a temperature of 25.0C is 
shown in Figure 4.97 on page 96. 
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Figure 4.97 S3NOR HSPICE Transient Analysis and Power Dissipation at 25.0C 


The transient analysis and power dissipation of the SS3NOR operating at a temperature of 85.0C is 
shown in Figure 4.98 on page 97. 
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Figure 4.98 S3NOR HSPICE Transient Analysis and Power Dissipation at 85.0C 
The DC transfer characteristic of the S3NOR logic gate operating at a temperature of 25.0C is 
shown in Figure 4.99 on page 98. 
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Figure 4.99 S3NOR DC Transfer Curve at 25.0C 


The DC transfer characteristic of the S3NOR logic gate operating at a temperature of 85.0C is 
shown in Figure 4.100 on page 99. 
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Figure 4.100 S3NOR DC Transfer Curve at 85.0C 


5. SBFL 4-input NOR Gate (S4NOR) 

The following graphs represent the operating characteristics of the S4NOR. As previously 
mentioned, true NAND gates were infrequently used. the more common SBFL ANDs, NANDs, and ORs 
were built using NORs with SINVs as per DeMorgan’s theorems. See Figure 4.101 on page 100 for the 
SANOR schematic and logical equivalence. 

















Yod (+2 OV) 






1{&,8.C,0) » A NOR B NOR C NOR DO 





LEGEND U e Microns 
Figure 4.101 Schematic and Logical Equivalence for S4NOR 


The transient analysis and power dissipation of the S4NOR operating at a temperature of 25.0C is 
shown in Figure 4.102 on page 101. 
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Figure 4.102 S4NOR HSPICE Transient Analysis and Power Dissipation at 25.0C 


The transient analysis and power dissipation of the S4NOR operating at a temperature of 85.0C is 


shown in Figure 4.103 on page 102. 














HSPICE FILE CREATED FOR CIRCUIT S4NCR: TRANSIENT & POWER 6 


"1 
| 








a et 





Zor aroe 











Ne eas See 
jeer Ne ec soe a 


v7 





sia ae So a et a PA cee NE ao Gate he BEG 


ey, Ae 2 SEND, Tey 
| Y FLVE 
Epp 
| z 


' 


27 HH De 
w 
o 
=z 





1 
i 
i 
4 
; : 
{ “ 
hha hay! ‘ah aly’ Yah ‘oly! teh ‘ole’ ‘eh ‘a’ foes 


10.0N 20.0N 3@0.0N 40.0N 56 ON 70 ‘o 
TIME CLIN) 7 


Sepereyproerpeapepenrapurerpeacngeuragavengay pereepee ‘erpenqnye oqo 





Figure 4.103 S4NOR HSPICE Transient Analysis and Power Dissipation at 85.0C 


The DC transfer characteristic of the S4NOR logic gate operating at a temperature of 25.0C is 
shown in Figure 4.104 on page 103. 
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Figure 4.104 S4NOR DC Transfer Curve at 25.0C 
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The DC transfer characteiistic of the S4NOR logic gate operating at a temperature of 85.0C is 


shown in Figure 4.105 on page 104. 
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Figure 4.105 S4NOR DC Transfer Curve at 85.0C 


6. SBFL 3-input OR Gate (S3OR) 

The following graphs represent the operating characteristics of the S3OR. As previously 
mentioned, true NAND gates were infrequently used, the more common SBFL ANDs, NANDs, and ORs 
were built using NORs with SINVs as per DeMorgan’s theorems. See Figure 4.106 on page 104 for the S3OR 
schematic and logical equivalence. 
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Figure 4.106 Schematic and Logical Equivalence for S30R 
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; The transient analysis and power dissipation of the S3OR operating at a temperature of 25.0C is 


shown in Figure 4.107 on page 105. 
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Figure 4.107 S3OR HSPICE Transient Analysis and Power Dissipation at 25.0C 


The transient analysis and power dissipation of the S3OR operating at a temperature of 85.0C is 
shown in Figure 4.108 on page 106. 





105 








x 
ar 
Go 


HSPICE FILE CREATED FOR CIRCUIT S30R° TRANSIENT & POWER @ ¢ 

















: aa cone aie 7a eas eae 
600.0M > ees Leen eee ue ie | ae ene: 
z i i | , oa 
> aa | r i, 1 "Ine 
500 OM — j iF | a Ge: z 
\ z | i. 1 ql he 
Q : | f ; i erie 
eed Hu 3 
i 400.0M - |: } 4 outee 
1 300 OM — i | 
: . oa 
= | [ 4 
200 0M > |: t 4 
2 | : i j 
eu ; re % 
100.0M i st an eeeaare aaa 
9.1077™ ee peek” SO dale 4. GER U eG 
$208e TF 
4 QM REYES 
Fue hes ertom 
4 SOM ~ 
. = 
ry 50M & 
‘ a 
u 5.50M S 
: 60M : 
N y = 
6 50M | : 
70m MAW) = 
7.50M ——— sar 
8 OM . i oot ge Ne ae SES A, 
20 ON 30 ON - 4Q ON 
0 TIME CLIN) 42 9N 


Figure 4.108 S3OR HSPICE Transient Analysis and Power Dissipation at 85.0C 


The DC transfer characteristic of the S3OR logic gate operating at a temperature of 25.0C is 
shown in Figure 4.109 on page 107. 
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Figure 4.109 S3OR DC Transfer Curve a: 25.0C 


The DC transfer characteristic of the S3OR logic gate operating at a temperature of 85.0C is 


shown in Figure 4.110 on page 108. 
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Figure 4.110 S3OR DC Transfer Curve at 85.0C 


SBFL 2-input NAND Gate (SSZNAND) 


The following graphs represent the operating characteristics af the SS2NAND. See Figure 4.111 
on page 108 for the SS2NAND schematic and logical equivalence. 
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Figure 4.111 Schematic and Logical Equivalence for SS2NAND 
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The transient analysis and power dissipation of the SS2NAND operating at a temperature of 25.0C 
is shown in Figure 4.112 on page 109. 
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Figure 4.112 SS2NAND HSPICE Transient Analysis and Power Dissipation at 25.0C 


The transient analysis and power dissipation of the SS2NAND operating at a temperature of 85.0C 
is shown in Figure 4.113 on page 110. 
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Figure 4.113 SS2NAND HSPICE Transient Analysis and Power Dissipation at 85.0C 
The DC transfer characteristic of the SS2NAND logic gate operating at a temperature of 25.0C is 
shown in Figure 4.114 on page 111. 
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Figure 4.114 SS2NAND DC Transfer Curve at 25.0C 


The DC transfer characteristic of the SSZ2NAND logic gate operating at a temperature of 85.0C is 
shown in Figure 4.115 on page 112. 
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Figure 4.115 SSZ2NAND DC Transfer Curve at 85.0C 


8. SBFL 4-input NAND Gate (SS4NAND) 


The following graphs represent the operating characteristics of the SS4NAND. See Figure 4.116 
on page 113 for the SS4€NAND schematic and logical equivalence. 
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Figure 4.116 Schematic and Logical Equivalence for SS4NAND 


The transient analysis and power dissipation of the SS4NAND operating at a temperature of 25.0C 
is shown in Figure 4.117 on page 113. 
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Figure 4.117 SS4NAND HSPICE Transient Analysis and Power Dissipation at 25.0C 





The transient analysis and power dissipation of the SS4NAND operating at a temperature of 85.0C 
is shown in Figure 4.118 on page 114. 
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Figure 4.118 SS4NAND HSPICE Transient Analysis and Power Dissipation at 85.0C 
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The DC transfer characteristic of the SS4NAND logic gate operating at a temperature of 25.0C is 
shown in Figure 4.119 on page 115. 


114 


@ HSPICE FILE CREATED FOR CIRCUIT SSYNAND: DC TRANSFER CURVE @ 25 &C 


643.492 


fou 


600 OM 


550 OM 


500 OM 


450 OM 


4C0 OM 


350 OM 


2—r s4ro< 


300 OM 





250.0 


200 OM 


150.0M 


100.0 


50. 0M 





ee ee ee ee 
ity 


, j ' 7 t t ( ' +: ' t 1 1 t cf ‘ l ' j 2 ‘ 
3 4598M 100.0M 200.0M 300 0M 400. GM  ‘500.0M ‘600 
0 VOLTS (LIN) - we 630 


Figure 4.119 SS4NAND DC Transfer Curve at 25.0C 


The DC transfer characteristic of the SS4NAND logic gate operating at a temperature of 85.0C is 
shown in Figure 4.120 on page 116. 
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Figure 4.120 SS4NAND DC Transfer Curve at 85.0C 


SBFL 3-input NAND Gate (SS3AND) 


The following graphs represent the operating characteristics of the SS3AND. See Figure 4.121 on 


page 116 for the SS4NAND schematic and logical equivalence. 
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Figure 4.121 Schematic and Logical Equivalence for SS3AND 
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The transient analysis and power dissipation of the SS3AND operating at a temperature of 25.0C 
@ is shown in Figure 4.122 on page 117. 
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Figure 4.122 SS3AND HSPICE Transient Analysis and Power Dissipation at 25.0C 





The transient analysis and power dissipation of the SS3AND operating at a temperature of 85.0C 


is shown in Figure 4.123 on page 118. 
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Figure 4.123 SS3AND HSPICE Transient Analysis and Power Dissipation at 85.0C 


The DC transfer characteristic of the SS3AND logic gate operating at a temperature of 25.0C is 


shown in Figure 4.124 on page 119. 
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Figure 4.124 SS3AND DC Transfer Curve at 25.0C 


The DC transfer characteristic of the SS3AND logic gate operating at a temperature of 85.0C is 
shown in Figure 4.125 on page 120. 
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Figure 4.125 SS3AND DC Transfer Curve at 85.0C 


10. SBFL 4-input NAND Gate (SS4AND) 


The following graphs represent the operating characteristics of the SS4AND. See Figure 4.126 on 
page 121 for the SS4NAND schematic and logical equivalence. 
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Figure 4.126 Schematic and Logica' Equivalence for SS4AND 


The transient analysis and power dissipation of the SS4AND operating at a temperature of 25.0C 
is shown in Figure 4.127 on page 121. 
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Figure 4.127 SS4AND HSPICE Transient Analysis and Powcr Dissipation at 25.0C 
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The transient analysis and power dissipation of the SS4AND operating at a temperature of 85.0C 
is shown in Figur’: 4.128 on page 122. @ 
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Figure 4.128 SS4AND HSPICE Transient Analysis and Power Dissipation at 85.0C 


The DC transfer characteristic of the SS4AND logic gate operating at a temperature of 25.0C is 
shown in Figure 4.129 on page 123. 
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Figure 4.129 SS4AND DC Transfer Curve at 25.0C 





The DC transfer characteristic of the SS4AND logic gate operating at a temperature of 85.0C is 


shown in Figure 4.130 on page 124. 
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Figure 4.130 SS4AND DC Transfer Curve at 85.0C 


11. SBFL 2-input NOR Gate (BS2NOR) 
The following graphs represent the operating characteristics of the BS2NOR. This logic element 
was designed specifically for use in the BS2AND which is then used in the DELAY circuit. Notice the 
unusual MESFET size ratios. See Figure 4.131 on page 125 for the BS2NOR schematic and logical 


equivalence. 
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Figure 4.131 Schematic and Logical Equivalence for BS2NOR 


The transient analysis and power dissipation of the BS2NOR operating at a temperature of 25.0C 
is shown in Figure 4.132 on page 125. 
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Figure 4.132 BS2NOR HSPICE Transient Analysis and Power Dissipation at 25.0C 
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The transient analysis and power dissipation of the BS2NOR operating at a temperature of 85.0C 


is shown in Figure 4.133 on page 126. 
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Figure 4.133 BS2NOR HSPICE Transient Analysis and Power Dissipation at 85.0C 


The DC transfer characteristic of the BS2NOR logic gate operating at a temperature of 25.0C is 


shown in Figure 4.134 on page 127. 
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Figure 4.134 BS2NOR DC Transfer Curve at 25.0C 


The DC transfer characteristic of the BS2NOR logic gate operating at a temperature of 85.0C is 
shown in Figure 4.135 on page 128. 
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Figure 4.135 BS2NOR DC Transfer Curve at 85.0C 


12. SBFL INVERTER (CSINV) 


The following graphs represent the operating characteristics of the CSINV. This logic element 
was designed specifically for use in the CLOCK circuit. Notice the unusual MESFET size ratios. See Figure 
4.136 on page 129 for the CSINV schematic and logical equivalence. 
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Figure 4.136 Schematic and Logical Equivalence for CSINV 


The transient analysis and power dissipation of the CSINV operating at a temperature of 25.0C is 
shown in Figure 4.137 on page 129. 
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Figure 4.137 CSINV HSPICE Transient Analysis and Power Dissipation at 25.0C 
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The transient analysis and power dissipation of the CSINV operating at a temperature of 85.0C is @ 


shown in Figure 4.138 on page 130. 
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Figure 4.138 CSINV HSPICE Transient Analysis and Power Dissipation at 85.0C | 

| 

The DC transfer characteristic of the CSINV logic gate operating at a temperature of 25.0C is | 

shown in Figure 4.139 on page 131. 
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Figure 4.139 CSINV DC Transfer Curve at 25.0C 


shown in Figure 4,140 on page 132. 
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Figure 4.140 CSINV DC Transfer Curve at 85.0C 


13. SBFL 2-input NOR Gate (CSNOR) 


The following graphs represent the operating characteristics of the CSNOR. This logic element 
was designed specifically for use in the CLOCK circuit. Notice the unusual MESFET size ratios. See Figure 
4.141 on page 133 for the BS2NOR schematic and logical equivalence. 
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Figure 4.141 Schematic and Logical Equivalence for CONOR 





The transient analysis and power dissipation uf the CSNOR operating at a temperature of 25.0C 


is shown in Figure 4.142 on page 133. 
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Figure 4.142 CSNOR HSPICE Transient Analysis and Power Dissipation at 25.0C 





The transient analysis and power dissipation of the CSNOR operating at a temperature of 85.0C 
is shown in Figure 4.143 on page 134. @ 
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Figure 4.143 CSNOR HSPICE Transient Analysis and Power Dissipation at 85.0C 
The DC transfer characteristic of the CSNOR logic gate operating at a temperature of 25.0C is 
shown in Figure 4.144 on page 135. 
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Figure 4.144 CSNOR DC Transfer Curve at 25.0C 


The DC transfer characteristic of the CSNOR logic gate operating at a temperature of 85.0C is 
shown in Figure 4.145 on page 136. 
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Figure 4.145 CSNOR DC Transfer Curve at 85.0C 


C. GaAs DRAM Mixed DCFL-SBFL Logic Circuits 

This section will present the specific mixed DCFL-SBFL gates used, presenting the schematic and 
logical equivalence for each. These gates are hybrids designed specifically for parameter requirements of 
particular circuits. The following characteristics for each circuit will be demonstrated and presented: transient 
analysis under standard load, power consumption at nominal and high temperature, propagation delays and 
noise margins. These characteristics will be further summarized in TABLE 4.1 on page 158. Germane 


comments will be made when appropriate. 


1. DCFL-SBFL 2-input AND Gate (BS2AND) 


The following graphs represent the operating characteristics of the BS2AND. This logic element 
was designed specifically for use in the DELAY circuit. See Figure 4.146 on page 137 for the BS2AND 
schematic and logical equivalence. 
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Figure 4.146 Schematic and Logical Equivalence for BS2AND 


The transient analysis and power dissipation of the BS2AND operating at a temperature of 25.0C 
is shown in Figure 4.147 on page 137. 
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Figure 4.147 BS2AND HSPICE Transient Analysis and Power Dissipation at 25.0C 


The transient analysis and power dissipation of the BS2AND operating at a temperature of 85.0C 


is shown in Figure 4.148 on page 133. 
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Figure 4.148 BS2AND HSPICE Transient Analysis and Power Dissipation at 85.0C 


The DC transfer characteristic of the BS2AND logic gate operating at a temperature of 25.0C is 
shown in Figure 4.149 on page 139. 
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Figure 4.149 BS2AND DC Transfer Curve at 25.0C 


The DC transfer characteristic of the BS2AND logic gate operating at a temperature of 85.0C is 
shown in Figure 4.150 on page 140. 
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Figure 4.150 BS2AND DC Transfer Curve at 85.0C 


2. SBFL-DCFL Data LATCH (SDLATCH) 

The following graphs represent the operating characteristics of the SDLATCH. This logic element 
was designed specifically for use in the SDFF logic gate which is then used in the DREFRESH circuit. Notice 
that the structure of the logic element is such that it has a DCFL “front-end” with a SBFL “back-end” for use 
as drivers. See Figure 4.151 on page 141 for the SDLATCH schematic and logical equivalence. 

















Figure 4.151 Schematic and Logical Equivalence for SDLATCH 


The transient analysis and power dissipation of the SDLATCH operating at a temperature of 
25.0C is shown in Figure 4.152 on page 142. Notice that in Figure 4.152 and Figure 4.153 on page 143, the 
lower (power) graph has several large power spikes. These spikes are caused by the surging of current when 
the Q output changes state which then in turn causes the /Q output to change state. Examining the schematic 
for the SDLATCH, as shown previously in Figure 4.151, one may see how this phenomenon occurs. 
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Figure 4.152 SDLATCH HSPICE Transient Analysis and Power Dissipation at 25.0C 


The transient analysis and power dissipation of the SDLATCH operating at a temperature of 


85.0C is shown in Figure 4.153 on page 143. 
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Figure 4.153 SDLATCH HSPICE Transient Analysis and Power Dissipation at 85.0C 


The DC transfer characteristic of the SDLATCH logic gate operating at a temperature of 25.0C is 
shown in Figure 4.154 on page 144. 
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Figure 4.154 SDLATCH DC Transfer Curve at 25.0C 


The DC transfer characteristic of the SDLATCH logic gate operating at a temperature of 85.0C is 
shown in Figure 4.150 on page 140. 
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Figure 4.155 SDLATCH DC Transfer Curve at 85.0C 


3. SBFL-DCFL Data Flip-Flop (SDFF) 


The following graphs represent the operating characteristics of the SDFF. This logic element was 
designed specifically for use im the DREFRESH circuit. Notice that the structure of the logic element is such 
that it bas a DCFL DLATCH “front-end” with a SBFL SDLATCH “back-end” for use as drivers. See Figure 
4.156 on page 145 for the SDFF schematic and logical equivalence. 





Figure 4.156 Schematic and Logical Equivalence for SDFF 
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The transient analysis and power dissipation of the SDFF operating at a temperature of 25.0C is 
shown in Figure 4.157 on page 146. The large power spikes, seen in Figure 4.157 and Figure 4.158 on page @ 
147, arise from the use of the SDLATCH in the construction of the SDFF. Hence, the power spikes occur 
because of the current surges when the SDLATCH Q output changes state followed by the SDLATCH /Q 


output change of state. 
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Figure 4.157 SDFF HSPICE Transient Analysis and Power Dissipation at 25.0C 


The transient analysis and power dissipation of the SDFF operating at a temperature of 85.0C is 
shown in Figure 4.158 on page 147. 
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Figure 4.158 SDFF HSPICE Transient Analysis and Power Dissipation at 85.0C 
The DC transfer characteristic of the SDFF logic gate operating at a temperature of 25.0C is shown 
in Figure 4.159 on page 148. 
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Figure 4.159 SDFF DC Transfer Curve at 25.0C 


The DC transfer characteristic of the SDFF logic gate operating at a temperature of 85.0C is shown 
in Figure 4.160 on page 149. 
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Figure 4.160 SDFF DC Transfer Curve at 85.0C 


4. SBFL-DCFL DELAY Logic Element (DELAY) 


The following graphs represent the operating characteristics of the DELAY. This logic element 
was designed specifically for use with the CLOCK circuit. The DELAY circuit will delay the input clock 
pulse by approximately 25% of a clock pulse width without applying logic inversion. See Table 4.1 for the 
specific details. Sce Figure 4.161 on page 149 for the DELAY schematic and loyical equivalence. 
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Figure 4.161 Schematic and Logical Equivalence for DELAY 
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The transient analysis and power dissipation of the DELAY operating at a temperature of 25.0C 
is shown in Figure 4.162 on page 150. It should be noted that this circuit was tested with a SBFL load of ten 
SINV’s to better simulate real circuit loading conditions. See “Listing File for DELAY Transient Analysis @ 
25.0C" of Appendix A on page 283. 
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Figure 4.162 DELAY HSPICE Transient Analysis and Power Dissipation at 25.0C 


The transient analysis and power dissipation of the DELAY operating at a temperature of 85.0C 
is shown in Figure 4.160 on page 149. 
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Figure 4.163 DELAY HSPICE Transient Analysis and Power Dissipation at 85.0C 


The DC transfer characteristic of the DELAY logic gate operating at a temperature of 25.0C is 
shown in Figure 4.164 on page 152. 
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Figure 4,164 DELAY DC Transfer Curve at 25.0C 


The DC transfer characteristic of the DELAY logic gate operating at a temperature of 85.0C is 


shown in Figure 4.165 on page 153. 
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Figure 4.165 DELAY DC Transfer Curve at 85.0C 


5. SBFL-DCFL Level Shifter Logic Element (LVL) 

The following graphs represent the operating characteristics of the LVL. The GaAs DRAM 
memory aftay uses d-mode MESFETs as the access switches for the charge storage parallel plate capacitors. 
In order to directly control the d-mode MESFET transistors, a voltage level shifter is required to accept an 
input voltage of 0.00V to 0.63V and shifts it down to -1.20V to 0.00V. This level shifting circuit is by design 
an inverting circuit, thus, the DINV on its input. The diodes shown are actually GaAs e-mode MESFETs with 
the drain and source connected, which is referred to as “back-connected”. See Figure 4.166 on page 154 for 
the LVL schematic and logical equivalence. 
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Figure 4.166 Schematic and Logical Equivalence for LVL 


The transient analysis and power dissipation of the LVL operating at a temperature of 25.0C is 
shown in Figure 4.167 on page 155. This is the first circuit encountered that utilized a second power supply. 
Vss. The power dissipation by both power supplies is shown in the lower graph of the indicated figure. It 
should be noted that this circuit was tested with a load of ten d-mode MESFETs to better simulate real circuit 
loading conditions. See “Listing File for LVL Transient Analysis @ 25.0C" of Appendix A on page 287. 
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Figure 4.167 LVL HSPICE Transient Analysis and Power Dissipation at 25.0C 
The transient analysis and power dissipation of the LVL operating at a temperature of 85.0C is 
shown in Figure 4.168 on page 156. 
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Figure 4.168 LVL HSPICE Transient Analysis and Power Dissipation at 85.0C 
The DC transfer characteristic of the LVL logic gate operating at a temperature of 25.0C is shown 
in Figure 4.169 on page 157. 
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Figure 4.169 LVL DC Transfer Curve at 25.0C 


The DC transfer characteristic of the LVL logic gate operating at a temperature of 85.0C is shown 
in Figure 4.170 on page 158. 

Noise margins for the level shifter circuitry will not be discussed (or listed in TABLE 4.1) as level 
shifting circuitry provides no useful logic function and because level shifter circuitry usually has a linear 
transfer characteristic. 
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Figure 4.170 LVL DC Transfer Curve at 85.0C 


D. SUMMARY 


This concludes the detailed analysis of the GaAs DRAM fundamental logic elements and circuits. The 
characteristics of each of this circuits is found in TABLE 4.1. The next chapter will begin discussion of the 
major circuits of the GaAs DRAM. 


TABLE 4.1 GaAs DRAM LOW-LEVEL CIRCUIT OPERATING CHARACTERISTICS 
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TABLE 4.1 GaAs DRAM LOW-LEVEL CIRCUIT OPERATING CHARACTERISTICS 


DD4AND 153 416 102 0.325 0.190 
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TABLE 4.1 GaAs DRAM LOW-LEVEL CIRCUIT OPERATING CHARACTERISTICS 


= oe oe 
SSINV 24 121 $2 56 0.270 0.245 
@85.0C 
S2NOR 95 231 303 632 0.330 0.170 
@25.0C 
S2NOR 0.280 0.130 
@85.0C 


S3NOR 0.325 0.165 
@25.0C 

S3NOR aaa 0.275 0.130 

@85.0C 

S4NOR 75 - 0.320 0.175 
@25.0C 

S4NOR 76 340 0.260 0.135 
@85.0C 

S30R 359 192 0.380 0.270 
@25.0C 

S30R 346 178 0.330 0.250 
@85.0C 

SS2NAND | 295 298 0.330 0.165 
@25.0C 

SS2NAND | 291 259 0.280 0.135 
@85.0C 

SS4NAND | 376 289 0.355 0.245 
@25.0C 

SS4NAND | 371 252 315 0.190 
@85.0C 

SS3AND 153 258 0.375 0.245 
@25.0C 

SS3AND 137 238 0.320 0.245 
@85.0C 

SS4AND 236 0.375 0.260 
@25.0C 

SS4AND 131 271 0.335 0.230 
@85.0C 








TABLE 4.1 GaAs DRAM LOW-LEVEL CIRCUIT OPERATING CHARACTERISTICS 


BSZNOR 0.320 0.230 
@25.0C 

BS2NOR 0.2: 0.195 
@85.0C 

CSINV 24 160 59 79 0.330 0.240 
@25.0C 

CSINV 30 154 78 0.280 0.210 
@85.0C 

CSNOR 27 202 87 138 0.325 0.200 
@25.0C 

CSNOR 35 170 73 0.275 0.175 
@85.0C 

BS2AND 0.375 0.325 
@25.0C 

BS2AND 

@85.0C 

SDLATCH | 797 370 490 828 0.360 0.245 
@25.0C 

SDLATCH | 773 348 281 419 774 0.330 0.205 
@85.0C 

SDFF 676 305 1132 0.240 
@25.0C 

SDFF 0.325 0.210 
@85.0C 

DELAY 0.375 0.320 
@25.0C 

DELAY 387 286 0.355 0.285 
@85.0C 

LVL 120 514 247 N/A N/A 
@25.0C 

LVL 115 435 294 N/A N 
@85.0C 
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V. GALLIUM ARSENIDE DRAM HIGH-LEVEL CIRCUITS 


This chapter will discuss in some detail the major blocks of the highest leve! block diagram, see Figure 
6.1 on page 218. The major circuits to be discussed in this chapter include CLOCK, DECODER. 
DECODDRVER, DREFRESH, WRITEP,. COUNTER, OUTPUT, WLOGIC, and chip pad drivers/receivers. 
The GaAs DRAM memory array will be mentioned briefly and only in block diagram form (as it was the 
comerstone of the work by Vagts [Ref. 8]). Each major block of the block diagram will have its own block 
diagram, transient analysis, power dissipation and general comments. A summary of the important circuit 
characteristics may be found in TABLE 5.1 on page 216. 


A. Two-Phase Non-Overlapping Clock (CLOCK) 

In order to operate any synchronous digital circuit, a clock of some sort is necessary. The GaAs DRAM 
circuit is no exception. ‘the original form of the clock arose from the signals required to provide necessary 
timing for the GaAs DRAM memory array. This further lead to the creation and adaptation of the LVL and 
DELAY circuits. As utilized in the GaAs DRAM, this CLOCK circuit accepts a single input 50% duty cycle 
digital square wave of 0.06V to 0.63V and provides in outputs: phase one (PHI), phase one level shifted 
(PH1L), phase two (PH2), phase two delayed (PH2D), and phase two level shifted and delayed (PH2LD). The 
circuit requires two power supplies, Vpp and Vcc, where Vog is used only for the level shifting circuitry. This 
circuit is one of the most tested and adjusted of all the circuits in the GaAs DRAM support circuitry as the 
fanout of the CLOCK is very large and clock skew under operational load was a serious concern. The power 
dissipation or consumption of this circuit is enormous, but, it was believed to be necessary to prevent other 
more serious timing anomalies. See Figure 5.1 on page 164 for a schematic and block diagram of the CLOCK 
circuit. 

The CLOCK circuit was simulated using output loeds of ten SBFL inverters and ten depletion mode 
MESFETs as loads for the level shifted clock outputs of PHIL and PH2LD. The simulation was executed 
twice, once at a nominal temperature of 25.0C and once at a nominal temperature of 85.0C. Power dissipation 
of these major circuits is certainly an issue and so the second (lower) (generally) graph on each will indicate 
the power dissipation of the circuit under test. The transient analysis and power dissipation of the CLOCK 
operating at a temperature of 25.0C is shown in Figure 5.2 on page 165. See “Listing File for CLOCK 
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Transient Analysis @ 25.0C” of Appendix A on page 290. The transient analysis and power dissipation of 
the CLOCK operating at a temperature of 85.0C is shown in Figure 5.3 on page 166. See TABLE 5.1 on page @ 
216 for a summary of the CLOCK circuit operating characteristics. 
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Figure 5.1 Schematic and Logical Equivaience for CLOCK 
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Figure 5.2 CLOCK HSPICE Transient Analysis and Power Dissipation at 25.0C 
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Figure 5.3 CLOCK HSPICE Transient Analysis and Power Dissipation at 85.0C 


B. One-of-Eight Decoder (DECODER) 


As this design is the support circuitry for an eight address by four data bit memory array, it was 
necessary to construct a decoder which would accept the three input address lines and decode these to one- 
of-eight memory array address line. The circuit DECODER is a non-clocked. non-latched glue logic decoder. 
Tt has six inputs (active HIGH), the three address lines and three enable lines, and nine outputs (active HIGH). 
The eight (one-of-eight) address lines and the enable line is carried through, being the OR of the three input 
enable lines. The DECODER circuit was constructed specially for use in a larger circuit, DECODDRVR. 
which will be discussed later. 

Asa .e-bar, the initial DECODER design used data latches. The idea behind this was to latch the three 
input address lines while the decode operation occurred. It was found that the throughput of the circuit 
suffered to such an extent that the data latches were removed. The long data latch activation times werc the 


reason for the degradation of the DECODER throughput, see TABLE 4.1 on page 158. 
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The DECODER schematic and logical representation are shown in Figure 5.4 on page 167. It can be 
seen in Figure 5.4 on page 167 that the ENBL signals are logically ORed such that any of the three will enable 
the outputs of the four-input AND gates. Notice also that the entire circuit operates using active HIGH logic, 
not the case in the standard transistor-transistor-logic (TTL) 74138. Ease of design dictated the use of active 
HIGH inputs and outputs. 
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Figure 5.4 DECODER Schematic and Logical Equivalence 


The transient analysis of the DECODER circuit is shown in two parts. (Additionally, the simulation was 
executed at the same two operating temperatures as before). Part One (upper graph). Figure 5 5 on page 168. 
shows the three input signals, 10, 11, and 12, and Part One (lower graph) shows the eight output signals, OO 
through O7, in response to the changing input signals. The HSPICE transient analysis listing file is provided 
as before. See "Lisiing File for DECODER Transient Analysis @ 25.0C” of Appendix A on page 297. 
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Figure 5.5 DECODER HSPICE Transient Analysis (Part One) at 25.0C 


The second part of the DECODER transient analysis, Part Two, see Figure 5.6 on page 169, shows the 
activation and operation of the ENBL signal (upper graph) and the power dissipation of the DECODER 
circuit is displayed in the lower graph. 
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Figure 5.6 DECODER HSPICE Transient Analysis (Part Two) at 25.0C 


The same signals as previously described as shown for the DECODER circuit operating at 2 :* perature 


of 85.0C. See Figure 5.7 on page 170 and Figure 5.8 on page 171. The HSPICE transient analysis listing file 
1s likewise provided. 
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Figure 5.7 DECODER HSPICE Transient Analysis (Part One) at 85.0C 
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Figure 5.8 DECODER HSPICE Transient Analysis (Part Two) at 85.0C 


C. Eight Stage Counter (COUNTER) 


A DRAM design requires refresh operation circuitry. This COUNTER circuit is constructed in order to 
provide the eight counts necessary to access and refresh ali eight GaAs DRAM memory array addresses. The 
COUNTER circuit is used inside a larger circuit entitled DREFRESH which will be covered latez in this 
chapter. Three CPDFF flip-flops are used to maintain each of the eight states between ticks of the input clock 
signal. The reason for the use of the CPDFF flip-flop is its asynchronous /CLEAR signal which allows a 
larger Circuit to force the COUNTER to a known state at any time. As a side-bar, the name “CPDFF” should 
really be “CDFF” as the “P”’ once represented an asynchronous “preset” signal which was later removed from 
the flip-flop design as it was not necessary to facilitate the requisite logic function. 

The COUNTER circuit schematic and logical equivalence diagram is shown in Figure 5.9 on page 172. 
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Figure 5.9 COUNTER Schematic and Logical Equivalence 


It can be seen in Figure 5.9 on page 160 that the COUNTER circuit is constructed primarily from DCFL 
glue logic wired such to cause a count of 000 to 111. When the counter is disabled by de-assertion of the 
ENBL signal (or convers*ly, assertion of the (CLEAR signal), the COUNTER circuit will output assert /QO. 
/Q1. and /Q2 or a positive logic equivalence of 000 for the count. It is interesting to note that because of the 
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initialization techniques of HSPICE, the COUNTER subcircuit will not begin counting at 000 as it is held in 
this state by use of the “IC” statement. Hence, the first count out of the COUNTER is 001. One may see the 
use of this initial conditions card in the listing file for the transient analysis of the DREFRESH circuit. 

The maximum operating frequency of this COUNTER is determined by the DCFL glue logic gate 
delays but especially, the switching speed of the three counting flip-flops. An interested reader may review 
the operating characteristics of the DCFL glue logic gates used in the COUNTER circuit by reviewing 
TABLE 4.1. 

The HSPICE transient analysis of the COUNTER circuit may be seen in Figure 5.10 on page 173. 
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Figure 5.10 COUNTER HSPICE Transient Analysis (Part One) at 25.0C 


Figure 5.10 on page 173 shows the first graph associated with the transient analysis of the COUNTER 
circuit. It contains the input clock signal (CLK), the input enable signal (ENBLE), and provides the “Q” 
outputs of the three aforementioned counting flip-flops. Standard DCFL loads of two DINVs were placed on 


173 








each “Q” output to represent realistic loading conditions. One can see from Figure 5.10 on page 173 that the 

counter begins counting at “001” which occurs for the HSPICE simulator initialization reasons mentioned @ 
earlier. The second part of the HSPICE transient analysis of the COUNTER circuit may be seen in Figure 

5.11 on page 174. 
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Figure 5.11 COUNTER HSPICE Transient Analysis (Part Two) & Power at 25.0C 


Figure 5.11 on page 174 is derived from the same single simulator run as the previous graph. It was 
believed to be easier to see the results if the graph was not cluttered with too many plots. Figure 5.11 shows 
the “/Q” output signals in the upper graph superimposed with the exact same input clock signal (CLK). It may 
be seen in Figure 5.11 that the “/Q” output signals act as expected as logical inverse signals of the “Q” output 
signals seen in the first part of the transient analysis of the COUNTER circuit as shown in Figure 5.10 on page 
173. The lower graph of Figure 5.11 indicates the power dissipation of the COUNTER circuit as it counts 
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through all possible states. See “Listing File for COUNTER Transient Analysis @ 25.0C" of Appendix A on 


page 305. 


The COUNTER circuit was also simulated under the same operating conditions except the nominal 


temperature was increased from 25.0C to 85.0C. See Figure 5.12 on page 175 and Figure 5.13 on page 176. 
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HSPICE FILE CREATED FOR CIRCUIT COUNTER: 
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Figure 5.12 COUNTER HSPICE Transient Analysis (Part One) at 85.0C 
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Figure 5.13 COUNTER HSPICE Transient Analysis (Part Two) & Power at 85.0C 


DRAM Refresh Circuitry (DREFRESH) 
A dynamic RAM requires periodic recharging of the storage element charges. else the charges leak 


away. The DREFRESH circuit provides the necessary logic function to control the refresh operation for the 
GaAs DRAM memory array. See Figure 5.14 on page 177 for the DREFRESH schematic and logical 


equivalence, 
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Figure 5.14 DREFRESH Schematic and Logical Equivalence 


In words, the purpose of this circuit is to monitor the REFRESH signal and be prepared to act upon its 
assertion when ANDed with a PH1 clock pulse. When the DREFRESH circuit detects the assertion of the 
external REFRESH signal, it is designed to detect the “level” of the REFRESH signal and cause the SDFF to 
be set asserting MREFRESH to the rest of the GaAs DRAM memory array circuitry. This MREFRESH signal 
(occasionally abbreviated “MREF’), among other actions, asserts the memory busy signal, MBSY. to the rest 
of the GaAs DRAM memory array circuitry and off-chip and overrides the assertion of the READ or WRITE 
signal (the WRITEP circuit performs this function, it will be discussed later). 

It was previously mentioned that the COUNTER circuit simulation required the use of the HSPICE 
“SIC” statement in order to force the circuit into a known state. One can see that if the circuit simulator 
HSPICE initializes the COUNTER to some arbitrary value (not 000, e.g., Q0=LOW. Q1=LOW, Q2=LOW. 
/Q0=HIGH, (Q1=HIGH, and /Q2=HIGH) then on the next PH! clock pulse, the SDFF will see a HIGH on its 
D input and be set indicating MREFRESH by the next PH] clock pulse falling edge. Additionally, the same 
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PH1 clock pulse will cause the COUNTER to count further into the REFRESH cycle. Now, this is an anomaly 
of the HSPICE simulation initialization routine, but, the first time, each time, this GaAs DRAM circuit is 
powered up, the COUNTER will come up in some unknown state and count through until the last refresh state 
and then the COUNTER and DREFRESH will enter a known state. 

The second major function of this circuit is to choose between passing through the off-chip input 
address lines (A2 to AQ) to the DREFRESH output address lines (AO2 to AOO) or passing through the 
addresses generated by the refresh sub-portion of the DREFRESH circuit. 

As previously mentioned, the SDFF flip-flop will be set upon the assertion of the REFRESH signal 
ANDed with the COUNTER being at “000” and the next PH1 clock pulse, and the DREFRESH circuit will 
enter into a refresh operation. During the refresh operation, the external address signal inputs, A2 to AO, will 
be ignored and the address signals generated by the refresh circuitry will be passed through to the 
DREFRESH output address lines (AO2 to AOO) thereby causing the eight addresses of the GaAs DRAM 
Memory array to be sequentially READ which is sufficient to refresh each storage element charge. For 
additional detailed information regarding the refresh of the individual charges. see the excellent and through 
work of *’agts [Ref. 8:pp. 20-22]. In the interest of brevity and by virtue of the DREFRESH circuit simplicity. 
the design state diagrams and Karnaugh mappings are not shown. 

The DREFRESH transient analysis is demonstrated in the next eight gfaphs. As before, the graphs are 
kept to a few signals each to facilitate easier understanding. It is interesting to note that in order to better 
simulate DREFRESH reality, the GaAs DRAM memory array CLOCK circuit was included in the HSPICE 
file and used to generate the DREFRESH input clock signal, PH1. See “Listing File for DREFRESH 
Transient Analysis @ 25.0C" of Appendix A on page 315. 

The first graph, see Figure 5.15 on page 179, shows the plot of the input clock signal, PH!, and the 
assertion of the external REFRESH signal and the resulting assertion of the MREFRESH signa! upou the first 
edge of the PH! signal. 
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Figure 5.15 DREFRESH HSPICE Transient Analysis (Part One) at 25.0C 


The next DREFRESH transient analysis graph, see Figure 5.16 on page 180, shows the CLOCK inpu‘ 
signal, PH1, and the external input address lines, A2 to AO. It can be seen that the external input address lines 
are counting through the eight possible addresses. 
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Figure 5.16 DREFRESH HSPICE Transient Analysis (Part Two) at 25.0C 


The next DREFRESH transient analysis graph, see Figure 5.17 on page 181, shows the CLOCK input 
signal, PH1, the MREFRESH signal, and the DREFRESH output address lines, AO2 to AOO. It can be seen 
that the DREFRESH output address lines are counting through the eight possible addresses. Notice that the 
MREFRESH signal is de-asserted upon completion of the final GaAs DRAM memory array address refresh. 
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Figure 5.17 DREFRESH HSPICE Transient Analysis (Part Three) at 25.0C 


shows the power 


The next DREFRESH transient analysis graph, see Figure 5.18 on page 182. 


dissipation. 
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Figure 5.18 DREFRESH HSPICE POWER at 25.0C 


The following four DREFRESH graphs show the same signals as discussed in the preceding paragraphs, 
but, using a Simulation nominal temperature of 85.0C. See Figure 5.19 on page 183, Figure 5.20 on page 184, 
Figure 5.21 on page 185, and Figure 5.22 on page 186. 
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Figure 5.19 DREFRESH HSPICE Transient Analysis (Part One) at 85.0C 
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Figure 5.20 DREFRESH HSPICE Transient Analysis (Part Two) at 85.0C 
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Figure 5.21 DREFRESH HSPICE Transient Analysis (Part Three) at 85.0C 
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Figure 5.22 DREFRESH HSPICE POWER at 85.0C 


E. Decoder Driver Circuit (DECODDRVER) 

The purpose of the decoder driver circuit, DECODDRVER, is to synchronize the decoder generated 
address signals to the correct GaAs DRAM memory array CLOCK signal. Additionally, the DECODDRVER 
circuit generates the actual level-shifted pulses to actuate the GaAs MESFETs which are the access points to 
the fundamental charge storage elements, the parallel plate capacitors, of the GaAs DRAM memory array. 
Through experimentation, it was determined that the appropriate GaAs DRAM memory array CLOCK signal 
is the PH2D signal. For a thorough discussion of the reasons behind why this is so, see [Ref. 8:pp. 12-14]. In 
addition, the writing and reading operation requisite control signals, EDUM. ODUM. EDUMD, and 
ODUMD, are generated. This signals refer to the operations of the “dummy” cells, one on each side of the 
differential sense amplifier in the GaAs DRAM memory array. These signals are used by two other circuits, 
the OUTPUT circuit and the RAM_ARRAY circuit, both of which will be discussed later in this chapter. 
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See Figure 5.23 on page 187 for the DECODDRVER schematic and logical equivalence. 
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Figure 5.23 DECODDRVER Schematic and Logical Equivalence 


The DECODDRVER circuit transient analysis is presented in the following eight figures. As before, the 
graphs are kept to a few signals each to facilitate easier understanding. It 1s teresung to note that in order to 
better simulate DECODDRVER reality, the GaAs DRAM memory array CLOCK and DREFRESH circuits 
were included in the HSPICE file and used to generate the following DECODDRVER input signals: PH], 
AOO, AO1, AQ2, and MREFRESH. See Figure 5.24 on page 188 for the DECODDRVER transient analysis 
(part one). See “Listing File for DECODDRVER Transient Analysis @ 25.0C" of Appendix A on page 333. 
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Figure 5.24 DECODDRVER HSPICE Transient Analysis (Part One) at 25.0C 


Looking at Figure 5.24 on page 188, one may see the signals MREFRESH (MREF) and AQ? to 
AO0, as generated by the DREFRESH circuit and as inputs to the DECODDRVER circuit. The next figure. 
Figure 5.25 on page 189, shows the MREFRESH signal. the input CLOCK signal PH2D. and the eight “DA” 
signals. DA7 to DAO. 
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Figure 5.25 DECODDRVER HSPICE Transient Analysis (Part Two) at 25.0C 


The third figure of the DECODDRVER transient analysis (part three), see Figure 5.26 an page 
190, shows the aforementioned read and write control signals, EDUM, ODUM, EDUMD, and ODUMD. 
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Figure 5.26 DECODDRVER HSPICE Transient Analysis (Part Three) at 25.0C 


The fourth figure of the DECODDRVER transient analysis, see Figure 5.27 on page 191, presents 
the power dissipation of the circuit simulated at a nominal temperature of 25.0C. 
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Figure 5.27 DECODDRVER HSPICE POWER at 25.0C 


The following four DECODDRVER graphs show the same signals as discussed in the preceding 
paragraphs, but, a simulation nominal temperature of 85.0C. See Figure 5.28 on page 192, Figure 5.29 on 
page 193, Figure 5.30 on page 194, and Figure 5.31 on page 195. 
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Figure 5.28 DECODDRVER HSPICE Transient Analysis (Part One) at 85.0C 
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Figure 5.29 DECODDRVER HSPICE Transient Analysis (Part Two) at 85.0C 
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Figure 5.30 DECODDRVER HSPICE Transient Analysis (Part Three) at 85.0C 
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Figure 5.31 DECODDRVER HSPICE POWER at 85.0C 
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Output Logic Circuitry (OUTPUT) 


The purpose of the OUTPUT circuit is to use the logical status of the GaAs DRAM memory array bit 


input-output (BIO) lines coupled with the assertion of either of the control signals, even dummy cell 
(EDUMMY) or odd dummy cell (ODUMMY), finally coupled with the presence of a READ operation to 
operate correctly the output data latch assigned to each data bit position. Using the design of the RAM array 
(Ref. 8], it may be seen that the BIO lines are on the two sides of the differential sense amplifier and are called 
“EVENBIO” (or EBIO) and “ODDBIO” (or OBIO). Additionally, each BIO line has a “dummy” cell attached 
to it, the EVENBIO side has a dummy cell, ODUMMY, and the ODDBIO side has a dummy cell, 
EVENDUMMY. The purpose of these dummy cells, as thoroughly discussed in [Ref. 8], is to provide a 
known reference voltage for use by the differential sense amplifier. Basically, the voltage placed on the 
“xBIO” line by the “yDUMMY” cell assists the differential sense amplifier in deciding which way to flip. 
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Notice also from the work of Vagts, [Ref. 8], the capacitance of the dummy cell is much smaller than the 
capacitance used by the main storage elements. 

The control signals, EDUMMY and ODUMMY, are generated by the circuit DECODDRVER, see 
Figure 5.23 on page 187. The purpose of these signals is to provide to the OUTPUT circuit the knowledge of 
which dummy cell is being accessed, regardless of the chosen operation, READ, WRITE, or REFRESH. The 
knowledge of which dummy cell is being accessed (which indicates to the circuit which BIO line will contain 
the actual bit data read from the target memory cell), the voltaic status of the GaAs DRAM memory array 
BIO lines, and the assertion of a READ operation (as asserted through MREAD) are sufficient to easily 
discern the READ data bit value and cause it to be latched into the output data latch. It is interesting to note 
that a data latch, not a data flip-flop, was intentionally chosen so that the longest possible time within the 
target READ operation is allowed for the data lines to settle as the output data latch contents are not latched 
until the falling edge of the MREAD signal. See Figure 5.32 on page 196 for the OUTPUT schematic and 
logical equivalence. 
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Figure 5.32 OUTPUT Schematic and Logical Equivalence 


The OUTPUT circuit transient analysis was executed in much the same way as the previous major 
circuits. Two simulation runs were accomplished. one at the standard default nominal temperature of 25.0C 
and the other at the elevated nominal temperature of 85.0C. Additionally, as before. uncluttered figures 
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depicting the HSPICE simulation transient analysis are shown to facilitate easier understanding of the circuit 
@ under test. The first figure of the OUTPUT circuit transient analysis is Figure 5.33 on page 197. 
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Figure 5.33 OUTPUT HSPICE Transient Analysis (Part One) at 25.0C 


This figure, Figure 5.33 on page 197, shows the ODDBIO line from the GaAs DRAM memory array, 
the MREAD signal, the ODUMMY control signal, and the two output lines from the output data latch, DOx 
and /DOx (Data Out x & /{Data OUT x}). It may be seen in Figure 5.33 on page 197 that the output data latch 
output lines do not change until the enable signal to the output data latch (MREAD) is asserted, and continue 
to change until the enable signal to the output data latch (MREAD) is de-asserted. Additionally. it may be 
seen that once the output data latch is allowed to feel its Data input, the output DOx goes high because the 
ODDBIO signal is HIGH and the ODUMMY is high. The combination of the ODDBIO = HIGH and the 
ODUMMY = HIGH indicates to the OUTPUT logic that a bit data ONE has been read. This transition occurs 
from ~17 nanoseconds to ~22 nanoseconds. At time ~21 nanoseconds, the ODUMMY goes LOW causing 
the OUTPUT circuit logic to reconsider its position on the value of the “just read” bit data and the output data 
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latch goes to LOW at ~22 nanoseconds. The value of the output data latch is finally secured at ~34.5 
nanoseconds, when the MREAD signal is de-asserted. 

The second figure of the OUTPUT circuit transient analysis is Figure 5.34 on page 198. This figure 
shows the activities of the MREAD signal. the two output data latch signals, DOx and /DOx, and the 
EVENBIO and EDUMMY signals. An examination of the associated schematics for the GaAs DRAM 
memory array and the DECODDRVER will show that the EVENBIO and EDUMMY signals will always be 
the inverse of the ODDBIO and ODUMMY signals. 
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Figure 5.34 OUTPUT HSPICE Transient Analysis (Part Two) at 25.0C 


The third and final figure for the nominal temperature HSPICE simulation of the OUTPUT circuit is 
the power dissipation, see Figure 5.35 on page 199. See "Listing File for OUTPUT Transient Analysis @ 
25.0C" of Appendix A on page 357. 
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Figure 5.35 OUTPUT HSPICE PU ~7ER at 25.0C 


The next three figures show the same signals as described previously for the HSPICE simulation of the 
OUTPUT circuit except the simulation was executed at a nominal temperature of 85.0C, see Figure 5.36 on 
page 200, Figure 5.37 on page 201, and Figure 5.38 on page 202. 
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Figure 5.36 OUTPUT HSPICE Transient Analysis (Part One) at 85.0C 
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Figure 5.38 OUTPUT HSPICE POWER at 85.0C 


G. Operation Priority Logic Circuitry (WRITEP) 

The purpose of the operation priority circuit, WRITEP, is to establish the relative priorities amongst the 
three available GaAs DRAM memory operations, READ, WRITE and REFRESH. 

The REFRESH operation was chosen to have the highest priority in order to prevent data spoilage due 
to refresh latency. The next operation in priority was the WRITE operation. This choice was made to allow 
the CPU to dump data into the memory using the WRITE operation. It was decided that the READ operation 
would have the lowest priority. The circuit design is simple and little else needs to be reported with regard to 


this circuit. See Figure 5.39 on page 203 for the WRITEP schematic and logical equivalence. 
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Figure 5.39 WRITEP Schematic and Logical Equivalence 


The WRITEP HSPICE transient analysis is shown in Figure 5.40 on page 203. The upper graph of 
Figure 5.40 shows the three circuit inputs, READ, WRITE, and MREFRESH. The lower graph of Figure 5.40 
shows the resultant output signals of MREAD and MWRITE. It may be seen in the lower graph of Figure 
5.40 that the MREAD output is only asserted when both MWRITE and MREFRESH are de-asserted. 
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Figure 5.40 WRITEP HSPICE Transient Analysis at 25.0C 








The next figure. Figure 5.41 on page 204, shows the power dissipation of the WRITEP circuit operating 
at a nominal temperature of 25.0C. @ 
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Figure 5.41 WRITE? HSPICE POWER at 25.0C 


The final two figures concerning the WRITEP circuit demonstrates the same signals with the circuit 
operating at a nominal temperature of 85.0C. See Figure 5.42 on page 205 and Figure 5.43 on page 206. 
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Figure 5.42 WRITEP HSPICE Transient Analysis at 85.0C 


205 


BREE 








¢ 





bok 








HSPICE FILE CREGTED FOR CIRCUIT WRITER: POWER @ G5 OC 
-21.918M 7 = RITEP2 TRG 
~ { e 


-e! 90M 
-22 0M 
-22 10” 


-2e 20M 


ELT PREVR PS EV Gs TEES 


-22 30M 


-e2 


Zeer AAD 
+ 
a 
x4 


-22 


ow 
So 
= 


-22 


Das 
o 
= 


+22. 


N 
a 
x 


-22. 


o 
a 
x 


nm 
Ls) 
wo 
c=] 
=z 





PUpee epi evepeesl peeve pe eer peer pyr ee ys 


' 1 . U a 


| t ‘ 
"10.0N "20 ON 
O- TIME CLIN) — (82° 9N 


Figure 5.43 WRITEP HSPICE POWER at 85.0C 


H. Memory Busy Circuitry (MBSY) 

The only reason that this circuit (which consists entirely of one DD3OR gate) is in the major circuits 
portion of this report is because this circuit occupies a major block of the hierarchial block diagram, see 
Figure 6.1 on page 218. 

The operation of this circuit is simple. If any of the three GaAs DRAM memory array operation signals 
(MREAD, MWRITE, and MREFRESH) are asserted then the memory busy signal (MBSY) is asserted. This 
control signal, MBSY, is one of the two external contro! signal outputs of the GaAs DRAM memory array. 
See Figure 5.44 on page 207 for the MBSY schematic and logical equivalence. 
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Figure 5.44 MBSY Schematic and Logical Equivalence 


The MBSY HSPICE transient analysis and power dissipation graphs are shown in the following two 
figures. The first figure demonstrates the transient operation (upper graph) and power dissipation (lower 
graph) of the circuit operating at a nominal temperature of 25.0C. See Figure 5.45 on page 207. See “Listing 
File for MBSY Transient Analysis @ 25.0C" of Appendix A on page 366. 
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Figure 5.45 MBSY HSPICE Transient Analysis & Power at 25.0C 


The next figure demonstrates the transient operation (upper graph) and power dissipation (lower graph) 
of the DRDY circuit operating at a nominal temperature of 85.0C, see Figure 5.46 on page 208. 
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Figure 5.46 MBSY HSPICE Transient Analysis & Power at 85.0C 


I. _ Data Ready Circuitry (DRDY) 

This data ready (DRDY) circuit also occupies a major block of the hierarchial block diagram and this 
is its rationale for being included in the major circuits portion of this report. 

The operation of this circuit is simple. The DRDY signal is de-asserted only during the actual operation 
of the READ cycle. Because of the output data latch, the data from the last READ operation is preserved. See 
“Output Logic Circuitry (OUTPUT)” on page 195. This control signal, DRDY, is the other external control 
signal output of the GaAs DRAM memory array. See Figure 5.47 on page 209 for the DRDY schematic and 
logical equivalence. 
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Figure 5.47 DRDY Schematic and Logical Equivalence 


The DRDY HSPICE transient analysis and power dissipation graphs are shown in the following two 
figures. The first figure demonstrates the transient operation (upper graph) and power dissipation (lower 
graph) of the circuit operating at a nominal temperature of 25.0C, see Figure 5.48 on page 209. See "Listing 
File for DRDY Transient Analysis @ 25.0C” of Appendix A on page 370. 
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Figure 5.48 DRDY HSPICE Transient Analysis & Power at 25.0C 


The next figure demonstrates the transient operation (upper graph) and power dissipation (lower graph) 
of the DRDY circuit operating at a nominal temperature of 85.0C, see Figure 5.49 on page 210. 
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Figure 5.49 DRDY HSPICE Transient Analysis & Power at 85.0C 


J. Write Logic Circuitry (WLOGIC) 

The purpose of the write logic (WLOGIC) circuitry is to use the combination of input and control 
signals, Dx (data bit x), AO (address bit zero), DAS (data strobe), MWRITE (master write), and PH2 (phase 
two of the GaAs DRAM clock) to control the actions of the pull-up and pull-down transistors attached to both 
BIO (bit I/O lines) to force the BIO lines to the correct voltage state at the WRITE (!) time. This is 
accomplished quite simply as seen in the following figure, see Figure 5.50 on page 211. 
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Figure 5.50 WLOGIC Schematic and Logical Equivalence 


Examining Figure 5.50, it is seen that first the input data bit (Dx) is latched in the DLATCH by the de- 
assertion of the input control signal, data strobe (DAS). The master write signal (MWRITE) is then used along 
with the input address bit zero (AO) combined with the phase two signal af the CLOCK to enable one of the 
four DD4AND gates shown in Figure 5.50. Referring to [Ref. 8:p. 13], one may see that there are four GaAs 
MESFET driving transistors connected to the BIO lines of each memory array. These transistors, even side 
BIO bit x pull-up (ExPU), even side BIO bit x pull-down (ExPD), odd side BIO bit x pull-up (OxPU), and 
odd side BIO bit x pull-down (OxPD), serve to drive the appropriate BIO line to the correct data voltage level 
during a MWRITE cycle so that this appropriate data voltage level is then felt by the associated parallel plate 
capacitor through the associated access MESFET. Obviously, the circuit should oaly force the BIO line to the 
data value during a MWRITE cycle. Less obviously, this portion of the MWRITE cycie occurs during PH2 
of the clock. 

It is interesting to note that the input data bit may be latched at any time, that is falling edge DAS is the 
latching signal. Of course, if the input data bit is changed at an inappropriate time, it may cause the MWRITE 
operation to fail. The level shifters (LVL) associated with the ExPU and OxPU outputs are necessary because 
the associated driving MESFETs are depletion mode. 

The WLOGIC HSPICE transient analysis and power dissipation graphs are shown in the following two 
figures. The first figure demonstrates the transient operation, input signals. (upper graph), transient operation, 
output signals (middle graph), and power dissipation (lower graph) of the circuit operating at a nominal 
temperature of 25.0C. see Figure 5.51 on page 212. See “Listing File for WLOGIC Transient Analysis @ 
25.0C" of Appendix A on page 373. 
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Figure 5.51 WLOGIC HSPICE Transient Analysis & Power at 25.0C 


The second part of the WLOGIC HSPICE transient analysis and power dissipation graphs are shown in 


the following figure. This figure demonstrates the transient operation input signals, (upper graph). transient 


operation output signals (middle graph), and power dissipation (lower graph) of the circuit operating at a 


nominal temperature of 85.0C, see Figure §.52 on page 213. 
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Figure 5.52 WLOGIC HSPICE Transient Analysis & Power at 85.0C 


Pad Receiver Circuit (PADRC VR) 

The pad receiver circuit was provided by Vitesse through MOSIS and further modified by S. Long of 
UCSB. The purpose of this circuit is to receive a ECL signal through the pad as input, convert it to DCFL and 
output to the main circuit. As this circuit is not original, the HSPICE transient analysis results are not provided 
and its Correct operation will be validated by the demonstration of the GaAs DRAM in its pad-to-pad HSPICE 
simulation. For the purpose of completeness, the schematic and logical equivalence for the PADRCVR circuit 
is shown in Figure 5.53 on page 214. 
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Figure 5.53 PADRCVR Schematic and Logical Equivalence 


L. _ Driver Pad Circuit (DRVRPAD) 

The driver pad circuit was provided by Vitesse through MOSIS and further modified by S. Long of 
UCSB. The purpose of this circuit is to receive a DCFL signal from the main circuit as input, convert it to 
ECL and output it through the pad off-chip. As this circuit is not original, the HSPICE transient analysis 
results are not provided and its correct operation will be validated by the demonstration of the GcAs DRAM 
in its pad-to-pad HSPICE simulation. For the purpose of completeness, the schematic and logical equivalence 
for the DRVRPAD circuit is shown in Figure 5.54 on page 215. 
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Figure 5.54 DRVRPAD Schematic and Logical Equivalence 


M. GaAs DRAM Array (RAM_ARRAY) 

The last major circuit to be mentioned in this chapter is the center point of the work by Vagts [Ref. 8]. 
This circuit is the GaAs DRAM array (RAM_ARRAY). This report will offer only a block diagram of this 
circuit and will demonstrate its transient analysis in the next chapter as part of the complete design. See Figure 
5.55 on page 216 for the GaAs DRAM array as coupled with the circuits OUTPUT and WLOGIC. 
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Figure 5.55 RAM_ARRAY Block Diagram 


TABLE 5.1 GaAs DRAM HIGH-LEVEL CIRCUITS OPERATING CHARACTERISTICS 
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VI. GALLIUM ARSENIDE DRAM 


This chapter will present the operation and validation of the GaAs DRAM design. Such topics as the 
overall logic block diagram, layout block diagram, timing for each memory operation. and pad to pad 
simulation results will be discussed and supporting figures will be provided. Additionally, at the end of this 
chapter, there is a section which summarizes the characteristics of these memory operations. 


A. Overall Block Diagram 


The following figure is the overali block diagram of the GaAs DRAM memory, see Figure 6.1 on page 
218. 
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Figure 6.1 GaAs DRAM Overall Logic Block Diagram 





This overali block diagram shows the 12 external inputs and the six external outputs. Each block of the 
S block diagram was previously discussed in Chapter 5. The next figure shows the layout block ‘agram, see 
Figure 6.2 an page 219. 
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Figure 6.2 GaAs DRAM Layout Block Diagram 


B. Layout Block Diagram 

Figure 6.2 shows the layout block diagram with all 52 1/O pads. While the actual layout has the various 
power and ground pads (connections) distributed nearly evenly around the chip. this figuze has these pads 
grouped to facilitate easier understanding. There are maximum current limitations per pad. For both the 
ground and the main power supply (Vpp), the current path and the return current path for the entire design 


must be distributed over a sufficient number of pads. The actual maximum current values per pad are provided 
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by the fabrication facility and this information is likely to be considered proprietary. The power consumption 
testing of the entire design yielded figures which dictated the assignment of 14 pads for Vpp. 16 pads for 
GND, one pad for each of the other various necessary power supplies: VREFB, VREFD, V,,. and VRVREF. 
The power supply VRVREF is used only to provide a reference voltage for the pad receivers, see Figure 5.53 
on page 214. The purpose of the reference voltages VREFB and VREFD are discussed in the work by Vagts 
[Ref. 8:p. 14], these two power supplies are used in the operation of the GaAs Dynamic RAM_ARRAY. The 
power supply, V;.. is used by the level shifter (LVL) circuits, see Figure 4.166 on page 154. 

One may also notice from both of the block diagrams, Figure 6. land Figure 6.2, the inputs and outputs. 
The next two subsections will discuss each input and output. It should be mentioned again that the external 
signals, inputs and outputs, are at ECL levels, which equate to a positive logic LOW = 0.4 volts and a positive 
logic HIGH = 1.1 volts. These ECL levels are used because the vendor supplied pad drivers and pad receivers 
are designed specifically for ECL logic levels, see Figure 5.53 on page 214 and Figure 5.54 on page 215. 


1. INPUTS 


Data Bits (D3 - DO): These data inputs are level asserted signals, latched inside the WLOGIC 
circuitry. 

Data Strobe (DAS): This level asserted control signal informs the input data latches (in the 
WLOGIC circuitry) that the input data bits are present and stable on the input data lines. 

Address Bits (A2 - AO): These address data inputs are level asserted. non-latched signals applied 


to the DECODDRVR circuitry. 
Clock (INCLK): This input control signal provides the basic timing reference to the two-phase, 
non-overlapping CLOCK circuitry. 


Refresh (REFRESH): This pulse asserted input control signal, latched by the DREFRESH 
circuitry, dictates the start timing of the necessary GaAs DRAM refresh operation. 

Write (WRITE): This level asserted, non ‘atched, input control signal indicates the request for a 
GaAs DRAM write operation. It is applied to the operation priority (WRITEP) circuitry. 

Read (READ): This level asserted, non-latched, input control signal indicates the request for a 
GaAs DRAM read operation. It is applied to the operation priority (WRITEP) circuitry. 


2. OUTPUTS 


Data Bits (DO3 - DOO): These data outputs are level asserted, latched signals which originate in 
the output logic (OUTPUT) circuitry. 

Memory Busy (MBSY): This level asserted, non-latched, control signal originates in the memory 
busy (MBSY) circuitry. It indicates that the GaAs DRAM is busy with a read, write. or refresh 
operation. 

Data Ready (DRDY): This level asserted, non-latched, control signal originates in the data ready 
(DRDY) circuitry. It indicates that the data fetched during the most recently requested read 
operation is available on the output data lines. 
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C. Timing and Pad->Pad Simulation 


This section will discuss and demonstrate each of the three GaAs DRAM memory operations, WRITE, 
READ, and REFRESH. It should be mentioned that for the HSPICE execution of the GaAs DRAM pad to 
pad simulation, the “.options FAST” was used. This HSPICE option, FAST, results is a less strin: ent set of 
accuracy requirements for each HSPICE nodal iteration. Use of the FAST option causes a tremendous 
decrease in simulation time at the price of reduced accuracy for the results. It was decided that because a pad 
to pad simulation verifies overall design integrity, it was acceptable for use. As a side-bar. without the use of 
the FAST option, the required pad to pad simulation time (also using the “.option probe” which restricts the 
output data file to a maximum number of 32 nodes) executing on the SUN SPARCstation 2, was at least two 
weeks for a transient analysis of 60ns. Additionally. as a result of the less accurate FAST option, the graphs 
presented in this chapter in validation of the design of the GaAs DRAM are somewhat “choppy”. 

The HSPICE pad-pad simulation listing files are included in the listing files appendix for each 
execution. However, in order to reduce to overall size of the appendix, the second and further listing files for 
the HSPICE pad to pad simulation of the GaAs DRAM will have the multiple pages of identical HSPICE file 
data removed, leaving only the unique file data for each simulation run. See “GaAs DRAM HSPICE Pad- 
>Pad Simulation” on page 379. 


1. WRITE OPERATION = 
This section will discuss and demonstrate the execution of aGaAs DRAM WRITE operation. As 
a reminder, the external inputs and outputs are at ECL logic levels. The first graph, see Figure 6.3 on page 
222, has two panels. The first (upper) panel shows the address input signals, A2 - AO, and the data strobe. 
DAS), signal. The input address bits are set to equal address five and the data strobe signal is set to a level 
logic HIGH. The second (lower) pane! shows the data input signals, D3 - DO. These are set to equal 1101 in 
binary with MSB first, that is, D3=1, D2=1,D1=0, and D0=1. 


221 





HSPICE PAD->PAD SIMULATION OF GAAS DRAM ° WRITE GPERATION FC PART ONE) 





SF copamg tHE 
AS 








1.o7 pea ae ah ris 
: A2, AO, and DAS eee 
Vv - . fe 
, B00. 9M ~ et. us 
- UAL 
i : Al eo 
600.0M — : 7 
L a 
Y 
N 
00. COM a te ee ee a ee ee iam “€ 
200 ON 7 7 
Q eek ee ge Mi ah, Pose t mg oe AP ge ete Tse a vasA a 
ae 8h Cee pr Ee Tae ee ry. Te 
(Abs ie an eae 
: ot 
: Speen chests, oe 
Vv a no 
800.0M Ale 
S D3, D2, and DO ar 
T 2 DiI _- 
600. 0M ~ 
L 
2 y 
N 
GOO eON St ee ee _ “4 
200 OM = = 
= ’ t deo 1 ) | ’ ' { 4 4 ‘ ‘ i : 3 
9g 2°0N 6 ON & ON GUN i> ON 
i) Time CLIN te ON 
—_—— 


Figure 6.3 GaAs DRAM WRITE Operation at 25.0C (Part One) 


The next figure, see Figure 6.4 on page 223, in the series presenting the WRITE operation shows 
the germane control signals, WRITE, MWRITE, READ, MREAD, PH! and PH2. Notice that the x axis (time 
in nanoseconds) has been restricted to a zoom window of the period 2ns to 12ns. One may see the correct 
operation of the WRITEP circuitry, which establishes GaAs DRAM memory operation precedence, in this 
case, the WRITE has precedence over the READ. Notice also that as soon as the WRITE operation is 
completed (as signalled externally, albeit, somewhat artificially, by de-asserting the WRITE signal), the 
READ operation begins as indicated by the assertion of MREAD. 
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Figure 6.4 GaAs DRAM WRITE Operation at 25.0C (Part Two) 


It should be noted at this point that, with regard to the timing of these memory operations, phase 
one (PH1) of the clock circuit exists almost entirely for the purposes of equalization and pre-charging 
operations within the RAM_ARRAY, see {Ref. 8:p. 12]. There is only one exception to this timing scheme 
and that is in the DREFRESH circuit. The exception will be fully discussed during the REFRESH operation 
of this chapter. Phase two of the GaAs DRAM clock timing scheme is the phase during which everything 
external to the RAM_ARRAY occurs (with the one exception noted). During the phase two (PH2) shown in 
Figure 6.4 the writing of the data occurs. In the next figure, see Figure 6.5 on page 224, the actual charge 
contents of the target memory addresses will be presented. 
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Figure 6.5 GaAs DRAM WRITE Operation at 25.0C (Part Three) 


Looking at Figure 6.5, one sees, during the PH2 clock pulse at ~ 6.0 nanoseconds, the actual 
writing on the input data into the target address five. The activity shown during the PH2 clock pulse at ~11.0 
nanoseconds, is a result of the READ operation which is the next topic to be discussed. 

The next three figures demonstrate the same WRITE operation signals but at a simulation nominal 


temperature of 85.0C. See Figure 6.6 on page 225, Figure 6.7 on page 226, and Figure 6.8 on page 227. 
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Figure 6.6 GaAs DRAM WRITE Operation at 85.0C (Part One) 
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Figure 6.7 GaAs DRAM WRITE Operation at 85.0C (Part Two) 
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Figure 6.8 GaAs DRAM WRITE Operation at 85.0C (Part Three) 


2. READ OPERATION 
This section will discuss and demonstrate the execution of aGaAs DRAM READ operation. This 
READ operation occurs immediately after the previously mentioned WRITE operation so that the address 
and data parameters are the same. The first graph, see Figure 6.9 on page 228, shows the basic control signals 
of READ, MREAD, PHI, and PH2. 
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Figure 6.9 GaAs DRAM READ Operation at 25.0C (Part One) 


Referring to Figure 6.9, the delay between the assertion of the external control signal READ and the 
assertion of the internal control signal MREAD occurs due to the preceding WRITE operation. In addition, 
notice that the x axis (time in nanoseconds) has again been restricted to a zoom window of the period 2 
nanoseconds to 13 nanoseconds. The next figure, see Figure 6.10 on page 229, shows the basic internal 
control signals, MREAD and PH2, plus the actual charge contents of the target address, MA3RC5, MA2RC5, 
MAIRCS5, and MAORCS. 
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Figure 6.10 GaAs DRAM READ Operation at 25.0C (Part Two) 


It may be seen in Figure 6.10, that the charge contents of the target address initially “dip” and 
recover to nearly their original charge levels during the READ operation. The reasons behind this 
phenomenon are thoroughly discussed in the works by Vagts [Ref 8:p. 14]. The next figure, see Figure 6.11 
on page 230, demonstrates the operation of the two external control signals, memory busy (MBSY) and data 
ready (DRDY). 
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Figure 6.11 GaAs DRAM READ Operation at 25.0C (Part Three) 


Examining Figure 6.11, it is seen that memory busy (MBY) is initially HIGH indicating that the 
GaAs DRAM memory is busy performing a requested operation and that upon completion of the READ 
Operation, the MBSY signal is de-asserted. Also, the data ready (DRDY) signal is initially asserted which 
indicates off-chip that the data from the most recently requested READ operation is still valid on the output 
data lines. Once the READ operation commences as synchronized to the leading edge of the EDUM or 
ODUM signals (not shown), DRDY is momentarily de-asserted until the completion of the latching of the 
output data. The next figure, see Figure 6.12 on page 231, shows the output data lines and the output control 
signals, MBSY and DRDY. 
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Figure 6.12 GaAs DRAM READ Operation at 25.0C (Part Four) 


Referring to Figure 6.12, it may be seen that the output data lines indicate the last READ operation 


retumed data values equal to D3 = 1. D2 = 1, D1 = 0, and DO = 1. This is a correct result based on the input 
data previously written to the GaAs DRAM memory. Notice also that the DRDY signal is not asserted until 
the output data is latched and steady. 


With regard to the overall operational precedence and in view of the fact that the input control 


signals WRITE and READ are not latched, it must be noted that if, in the midst of a READ or WRITE 
operation, a REFRESH is asserted then depending on the timing (and luck!), the READ or WRITE operation 
in progress may be “trounced” and become invalid. This control design shortcoming should be addressed in 
revisions to the design. 


The next four figures demonstrate the same READ operation signals but at a simulation nominal 


temperature of 85.0C. See Figure 6.13 on page 232. Figure 6.14 on page 233, Figure 6.15 on page 234, and 
Figure 6.16 on page 235. 
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Figure 6.13 GaAs DRAM READ Operation at 85.0C (Part One) 
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Figure 6.14 GaAs DRAM READ Operation at 85.0C (Part Two) 
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Figure 6.15 GaAs DRAM READ Operation at 85.0C (Part Three) 
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Figure 6.16 GaAs DRAM READ Operation at 85.0C (Part Four) 


3. REFRESH OPERATION 


This section will discuss and demonstrate the refresh operation which follows the WRITE and 
then READ in the same HSPICE GaAs DRAM pad to pad simulation execution. The REFRESH logic 
circuitry was the most difficult to design. as previously discussed in Chapter V. See “DRAM Refresh 
Circuitry (DREFRESH)” on page 176. The first figure in this discussion of the REFRESH operation, see 
Figure 6.17 on page 236, presents the control signals associated with REFRESH in the upper graph and the 
outputs of the DREFRESH circuitry in the lower graph. Notice also that in Figure 6.17. the upper and lower 
panels are time “zoomed”, synchronized graphs such that the PH] signals in the upper graph also reflect 
accurately the assertion times of the signals in the lower graph. 
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Figure 6.17 GaAs DRAM REFRESH Operation at 25.0C (Part One) 


Referring to Figure 6.17 (upper graph), the extemal control signal REFRESH is asserted at 
approximately 10.65 nanoseconds and the refresh signal is passed through the pad receiver to become the 
IREFRESH (Intermediate) signal. The pad receiver propagation delay causes the IREFRESH to just miss the 
leading edge of the PH! clock pulse and so MREFRESH does not occur until the next leading edge of the 
PHI clock pulse. Those wishing to review the DREFRESH circuitry may see Figure 5.14 on page 177. This 
is the exception mentioned previously to the fact that almost all the activity that occurs with the GaAs DRAM 
design but external to the RAM_ARRAY, occurs during the PH2 clock pulse. Once the MREFRESH signal 
is asserted, the GaAs DRAM commences a refresh operation. The lower graph of Figure 6.17 demonstrates 
the output signals, AO2 - AOO, of the DREFRESH circuitry. These signals represent the counting sequence 
output by the DREFRESH circuitry to sequentially access all addresses in the GaAs DRAM memory array. 
It should be mentioned that the counting sequence does not begin with address zero as one might assume. Per 
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the previous discussion of HSPICE simulation initial conditions, viewing Figure 6.17, one may see that this 
is exactly what occurs. 

In the DECODDRVR circuitry, the AO2 - AOO signals coupled with the now asserted 
MREFRESH signal, causes the sequential assertion of the DRAM address driver signals, DA7 - DAO. Notice 
that the driver address signals are level shifted as these signals control the depletion mode GaAs MESFET 
DRAM access transistors. These signals are shown in Figure 6.18 on page 237. 
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Figure 6.18 GaAs DRAM REFRESH Operation at 25.0C (Part Two) 


Examining Figure 6.18, one sees the sequential assertion of the driver address signals, DA! to 
DA7 to DAO. Notice again that this graph is x axis specified to display only the time frame of 15.0 
nanoseconds to 51.0 nanoseconds. The final graph for the demonstration of the REFRESH operation includes 
the address five charge contents, the address three charge contents (for non-target comparison purposes), the 
output control signal MBSY, and several other germane signals, see Figure 6.19 on page 238. 
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Figure 6.19 GaAs DRAM REFRESH Operation at 25.0C (Part Three) 


Viewing Figure 6.19, one can immediately see quite a lot of information. First, the x axis (time in 
nanoseconds) is not zoom specified so that the entire HSPICE GaAs DRAM simulation interval may be seen. 
Secondly, the previously discussed WRITE and READ operation effects on address five (the target address) 
may be seen. Thirdly, the additional, non-target, memory address three charge contents are displayed for 
comparison purposes. Furthermore, the specific REFRESH effects are shown for address five, all four data 
bits. The effects of the REFRESH operation on the target address five are as expected. The data bits 3, 2, and 
O are refreshed to HIGH and the data bit | is refreshed to a LOW. Finally, the MBSY signal is demonstrated 


for the entire simulation interval to give a better idea of its operation. 
The next three figures display the same REFRESH operation signals but at a simulation nominal 


temperature of 85.0C. See Figure 6.20 on page 239, Figure 6.21 on page 240, and Figure 6.22 on page 241. 
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Figure 6.20 GaAs DRAM REFRESH Operation at 85.0C (Part One) 
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Figure 6.21 GaAs DRAM REFRESH Operation at 85.0C (Part Two) 
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GaAs DRAM POWER CONSUMPTION 


The power consumption of the GaAs DRAM memory array circuit was certainly a concern. However. 
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research was the design, validation, and fabrication of a functioning GaAs DRAM memory array constructed 


entirely using the industry standard GaAs fabrication process and materials. The next two figures provide 
power consumption for GaAs DRAM memory array, see Figure 6.23 on page 242 and Figure 6.24 on page 


D. 
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Figure 6.23 GaAs DRAM Memory Array Power Consumption @25.0C 


Examining Figure 6.23, the power consumption graphs for all five of the external power supplies are 
provided. The uppermost graph displays the power consumption of the main power supply, Vas. The HSPICE 
AVG function calculates the average power consumption of Vp, over the entire length of the simulation run 
(60 nanoseconds) to be 2.45 watts. The next graph of Figure 6.23 (second from top) displays the power 
consumption for the Vers. The HSPICE AVG function calculates the average power consumption of Vers 
over the entire length of the simulation run (60 nanoseconds) to be 9.15E-4 watts. The middle graph of Figure 
6.23 presents the power consumption of Vp<-p. The HSPICE AVG function calculates the average power 
consumption of Vprrp over the entire length of the simulation run (60 nanoseconds) to be 1.35E-6 watts. The 
fourth graph of Figure 6.23 demonstrates the power consumption of the V,, power supply. The HSPICE AVG 
function calculates the average power consumption of V,, over the entire length of the simulation run (60 


nancseconds) to be 1,54E-1 watts. The last graph of Figure 6.23 (fifth from top) displays the power 





consumption of the Viayees power supply, which provides a reference voltage level to the 12 pad receiver 
circuits, as previously mentioned. The power consumption average values used here may be found in the 
HSPICE listing files. See “Run #1 LISTING FILE” on page 379. 
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Figure 6.24 GaAs DRAM Memory Array Power Consumption @85.0C 


E. SUMMARY OF GaAs DRAM MEMORY CHARACTERISTICS 

The purpose of this summary is to collect some of the important characteristics of the GaAs DRAM 
memory design. Probably, the single most referenced DRAM characteristic is memory access time. Wakerly 
[REF 9:p. 642] defines the most commonly used access time to be t,,. access time from address to be how 
long it takes (assuming the memory chip is already enabled) to achieve stable output data after the memory 
address is changed. For the GaAs DRAM, because the simulation used pre-set voltage levels for the input 
address lines, this report will define the memory access time to be from the time the external READ signal is 
asserted to the time that the output data is stable as reported by the assertion of the DRDY signal. 
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GaAs DRAM Minimum READ Operation 
The following three figures will present a minimum access time READ operation at a simulation 


nominal temperature of 25.0 C. Address six was used as the target address for the minimum READ operation 


1. 


simulation. Additionally, the data contents of target address six were set to D3 = 0, D2 = i. D1 = 0, and DO 
= 1, using the HSPICE “.IC” option. The actual voltage values used were derived from the results of the 


previously discussed HSPICE pad-to-pad WRITE operation, a “1” = 0.437 volts and a “0” = 0.0728 volts. 
Examining Figure 6.25 on page 244, one may see the assertion of the externa! READ signal. the assertion of 


the MREAD signal, and the two fundamental clock pulses, PH and PH2. 
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Figure 6.25 GaAs DRAM Minimum READ Operation: Transient Analysis (Part One) 


Referring to Figure 6.25, as previously mentioned, it is not necessary to include the PH! clock 


pulse in the minimum READ operation. This is because the PH1 clock pulse is only used internally in the 
RAM_ARRAY during a READ. The next figure of the minimum READ operation, Figure 6.26 on page 245, 


presents the target address (address six) data outputs (DO3 - DOO), the charge contents of the target address 
@ (MA3RC6 - MAORC6), and the two main clock pulses, PH! and PH2. 
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Figure 6.26 GaAs DRAM Minimum READ Operation: Transient Analysis (Part Two) 


The final figure of the GaAs DRAM minimum READ operation, Figure 6.27 on page 246, 


demonstrates the assertion of the READ signal, the assertion of the MREAD signal. and the associated 
activity of the memory status control signals, MBSY and DRDY. 
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Figure 6.27 GaAs DRAM Minimum READ Operation: Transient Analysis (Part Three) 


In Figure 6.27, one may see the defining interval for a GaAs DRAM minimum READ operation. 
This interval, as previously defined, is approximately 3.0 nanoseconds. The HSPICE AVG function 
calculated an average power, (p(Vps)), of 0.392 milliwatts over the minimum READ operation target interval. 


2. GaAs DRAM Minimum WRITE Operation 


The following three figures will present a minimum access time WRITE operation at a simulation 
nominal temperature of 25.0 C. Address seven was used as the target address for the minimum WRITE 
operation simulation. Additionally, the input data bits were set to D3 = 0, D2 = 1, Di = 0, and DO = 1. 
Examining Figure 6.28 on page 247, one may see the assertion of the external WRITE signal, the assertion 
of the MWRITE signal, and the two fundamental clock pulses, PH| and PH2. 
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Figure 6.28 GaAs DRAM Minimum WRITE Operation: Transient Analysis (Part One) 


For the reasons previously mentioned, the PH clock pulse is also not required for a GaAs DRAM 
minimum WRITE operation. Thus notice in Figure 6.28, the external WRITE is asserted such that the 
MWRITE signal becomes HIGH immediately prior to the rising edge of PH2. The next figure, Figure 6.29 
on page 248, shows the writing of target address seven (MA3RC7 - MAORC7) and the two fundamental clock 
pulses, PH1 and PH2. 
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Figure 6.29 GaAs DRAM Minimum WRITE Operation: Transient Analysis (Part Two) 


The final figure of the GaAs DRAM minimum WRITE operation, Figure 6.30 on page 249, 
demonstrates the assertion of the WRITE signal, the assertion of the MWRITE signal, and the associated 
activity of the memory status control signal, MBSY. 
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Figure 6.30 GaAs DRAM Minimum WRITE Operation: Transient Analysis (Part Three) 


In Figure 6.30, one may see the defining interval for aGaAs DRAM minimum WRITE operation. 
This interval, defined to begin when the external control signal WRITE is asserted and to end when the 
external memory Status control signal MBSY is de-asserted. is approximately 3.0 nanoseconds. The HSPICE 
AVG function calculated an average power, (p(V>;)), of 2.45 watts over the minimum WRITE operation 
target interval. For a through discussion of the RAM_ARRAY WRITE operation specifics, see the work of 
Vagts [Ref. 8:pp. 17-23]. 


3. GaAs DRAM Minimum REFRESH Operation 


The following three figures will present a minimum time REFRESH operation at a simulation 
nominal temperature of 25.0 C. The data contents of address six were set to D3 = 0, D2 = 1. D1 = 0, and DO 


= 1, using the HSPICE “.IC” option. The actual voltage values used were derived from the results of the 
previously discussed HSPICE pad-to-pad WRITE operation, a “1” = 0.437 volts and a “0” = 0.0728 volts. 
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Examining Figure 6.31 on page 250, one may see the assertion of the externa] REFRESH signal, the assertion 
of the MREFRESH signal, and the two fundamental! clock pulses. PH! and PH2. @ 
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Figure 6.31 GaAs DRAM Minimum REFRESH Operation: Transient Analysis (Part One) 


The next figure, Figure 6.32 on page 251, shows the REFRESH effects on the target address (six), 
the DRAM address driver signal DA6, and the two fundamental clock pulses, PH! and PH2. 
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Figure 6.32 GaAs DRAM Minimum REFRESH Operation: Transient Analysis (Part Two) 


The final figure of the GaAs DRAM minimum REFRESH operation, Figure 6.33 on page 252, 
demonstrates the assertion of the REFRESH signal, the assertion of the MREFRESH signal, and the 


associated activity of the memory status control signal, MBSY. 
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Figure 6.33 GaAs DRAM Minimum REFRESH Operation: Transient Analysis (Part Three) 


In Figure 6.33, one may see the defining interval for a GaAs DRAM minimum REFRESH 
operation. This interval, defined to begin when the external control signal REFRESH is asserted and to end 
when the external memory status control signal MBSY is de-asserted, is approximately 38.0 nanoseconds. 
The HSPICE AVG function calculated an average power, (p(V,;)). of 2.45 watts over the minimum 
REFRESH operation target interval. 

The final chapter of this report will present some observations on the design cycle followed by 


project conclusions. 





Vil. CONCLUSIONS 


This final chapter will offer some observations on the design cycle followed by project conclusions. 


A. THE DESIGN CYCLE 


The design cycle for this project was rather long and full of twists and turns. The purpose of this chapter 
is to provide general information about the design paths chosen, traveled, discarded and re-traveled. Some 
mention of the Computer Aided Design (CAD) tools will be made and pitfalls will be disclosed. 


1. Gallium Arsenide Circuit Design 

Prior to commencing the research for the GaAs DRAM, a course in CMOS integrated circuit 
design and layout was completed. This course provided a useful background but in no way completely 
disclosed the necessary experience and procedures. Designing integrated circuits in CMOS is relatively ‘old 
news” these days, the leading edge of the CMOS technology is concentrated on greater and greater densities. 
such as the 64 megabit DRAM. Nevertheless, useful lessons may be learned and experience is gained. 

The practical side of the design cycle included drawing out possible circuits and then testing these 
using the available simulator. After the circuits which operated correctly were integrated into the overall 
design, actual schematics were created for these circuits to facilitate both then present use and future reporting 
uses. A judicious choice of schematic editors, with an eye towards one day incorporating these same drawings 
directly into the future report was in order. However, the choices for the schematic editor were limited to the 
only one that was available. Much time along the path to the final design was invested in creating and 
updating schematic drawings and block diagrams. Unfortunately. as is sometimes the case, the only schematic 
editor which was available at the time did not have the facility to create postscript files that could then be later 
incorporated into the report. This lack of postscript capability was not noticed until much later and all the 
schematic drawings and block diagram drawings previously created and updated had to be redrawn. 

The actual design of the GaAs DRAM occurred slowly because of the learning curve associated 


with designing in gallium arsenide. Whereas the design of CMOS logic elements is discussed in excruciating 


detail in any number of text books, the basic material necessary to design gallium arsenide logic elements is 
in short supply and what is available is frequently too advanced to be easily understood by students of GaAs. 
The main reference used to facilitate the GaAs DRAM design is the very comprehensive text written by 





Messrs. Butner and Long of University of California, Santa Barbara campus [Ref. 10.}. Easily the best GaAs 
text found and used nearly exclusively as it covers, but is not limited to, such topics as device physics, use of 


circuit simulators, and layout procedures. 


2. Gallium Arsenide Circuit Simulation and Testing 

The first step in this design cycle was designing basic GaAs Jogic elements and then testing these 
using whichever circuit simulator one could find that incorporated GaAs device libraries. Some mention of 
these device libraries is in order. Designing in gallium arsenide requires a circuit simulator such as SPICE to 
test the target circuits. Initially SPICE version 3G (SPICE3G) was used as it was the only simulator available. 
The libraries for GaAs MESFETs in SPICE3G are adequate but suffer from having no GaAs second order 
effects modeled. The most important GaAs second order effects conceming the GaAs DRAM are 
subthreshold current and substrate leakage current. The reason that these two gallium arsenide second order 
effects are so important is that both have direct effects on using GaAs MESFETs for charge storage. See (Ref. 
10:pp. 114 - 120} for a thorough discussion of both of these second order effects. Lacking the second order 
effects, SPICE3G yielded very optimistic results with regard to the amount of time that a charge was 
maintained on a capacitor. 

The final goal of the GaAs DRAM design cycle was fabrication and to this end, it was determined 
that MOSIS would provide funding to fabricate through Vitesse. It was further discovered that Vitesse has 
configured or customized SPICE version 3G to incorporate more accurate GaAs models, this version of 
SPICE will be referred to as Vitesse SPICE (VSPICE). The design cycle graduated to using VSPICE hoping 
to achieve more realistic results using the improved VSPICE GaAs libraries. Results achieved through 
VSPICE still indicated very optimistic charge storage time. This is because VSPICE, like SPICE3G, does not 
mode] the GaAs second order effects of subthreshold current and substrate leakage current. 

It was at this time in the GaAs DRAM design cycle that the modeling and selection of the charge 
storage element occurred. The candidates for the charge storage element were a parailel plate capacitor, the 
gate of a E/D MESFET, or an E/D MESFET back-connected as a diode. The eventual choice was the parallel 
plate capacitor based upon test results. For a thorough discussion of various results obtained for each of the 
aforementioned charge storage elements, see [Ref. 8:pp. 3 - 8]. The selection of the charge storage element 
for the GaAs DRAM was based upon test results obtained using circuit simulators that did not model the 
second order effects. Were HSPICE (from Meta Software) available at the Naval Postgraduate School at the 


time of the charge storage element selection, a different choice may have occurred. This is reported in [Ref. 
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8:pp. 3 - 8]. HSPICE is the next generation circuit simulator, it has extensive libraries including the most 
important GaAs second order effects, it has improved convergence algorithms a1d memory management, and 
finally, a vastly improved user interface. 

All the work that occurred prior to the arrival of HSPICE was re-tested using HSPICE (with its 
associated Vitesse HGaAs3 models) and while this was fairly time consuming, it was believed that the results 
obtained would now be the closest possible to reality. VSPICE and SPICE3G were not used again. The charge 
storage results obtained from HSPICE were encouraging but vastly different from those obtained using 
SPICE3G and VSPICE. The point of the discussion is the incorrect tool will yield incorrect results every time. 


3. Gallium Arsenide Layout and Testing 

The next step in the design cycle was the tentative layout of these GaAs logic circuits. The only 
layout tool available was MAGIC using “‘edgaas” (1.2 micron) technology file. Layout is another example of 
the “you must know who before you do” syndrome. Prior to layout, it is necessary to know almost certainly 
which company will be fabricating the design as each fabrication facility operates with different sets of 
parameters. As the technology for GaAs fabrication improves, the parameters vary (e.g, generally the gate 
lengths of the MESFETs become shorter) and this information must be considered when actually laying out 
the chip. Vitesse had been selected as the fabrication facility so it was necessary to obtain the MAGIC 
technology file from Vitesse through MOSIS. The technology file contains fabrication process information 
such as minimum gate lengths, material routing and spaciug, aad material specifications. 

After each GaAs logic circuit was laid out used MAGIC, it was extracted and tested using HSPICE 
with its associated Vitesse HGaAs3 models. It was during this time that attention should have been paid to 
power consumption and operating temperature, but alas, it was not. Nearly at the end of the layout procedure, 
it occurred that power consumption at the expected operating temperature needed to be considered for both 
the length and width of the power and ground busses. As expected, the power Consumption of the circuits 
used required greater widths and lengths then the minimums which were rov “« :ly used in order to facilitate 
a dense layout. As previously mentioned, GaAs logic circuits are not physically symmetric (as CMOS circuits 
are generally) when laid out and this caused some difficulty during the process and optimization for density. 
Virtually the entire layout was re-worked to make room for the required sizes of the power and ground busses. 


4. Gallium Arsenide Fabrication and Testing 


The fabrication procedure as available to educational institutions such as the Naval Postgraduate 
School through MOSIS results in a sum of money being allocated by MOSIS to cover the entire costs of the 
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fabrication. Many factors are considered when planning the actual fabrication including type of package, 
number of pins, and size of actual chip real estate. Once the layout was complete, having adjusted it for the 
required power ani ground busses, it was determined that the GaAs DRAM array of eight eight-bit words was 
too large for the amount of money allocated by MOSIS for fabrication by Vitesse. This required a further 
“down-sizing” of the GaAs DRAM array to eight four-bit words in order to make it fit on the chip real estate 
that could be purchased. Once the interior body of the chip was completely laid out, it was then necessary to 
place the emitter-coupled logic (ECL) input/output driver circuits on the signal pins and also apply the 
procedures for “bonding” the pads with metal four in accordance with the Vitesse fabrication process 
parameters. 

The testing of the entire GaAs DRAM chip (pad to pad) was accomplished using HSPICE. It 
should be mentioned that although HSPICE was run on a SUN SPARCstation 2 with 32 megabytes of read/ 
write memory, the simulation of the entire chip required many days to run and several hundred megabytes of 
disk storage. HSPICE has incorporated several improvements over SPICE3G and VSPICE to facilitate 
smaller output files by judiciously choosing a select number of nodes about which to record data but even 
using these techniques the simulation still required days to finish. 

Once the fina! GaAs DRAM array size was determined and the chip was tested, a “cif” file was 
generated and sent over INTERNET to MOSIS which in tum sent it to Vitesse. The construction of a test 
platform and the testing of the fabricated GaAs DRAM array will be the subject of a follow-on thesis. 


B. CONCLUSIONS 
The design goals for the gallium arsenide DRAM were met. These goals included very short memory 


access times, the use of GaAs standard materials, standard GaAs fabrication techniques, simple control 


circuitry, and acceptable power consumption. 


1. Access Times 


The GaAs DRAM access times are remarkably short, even when compared to commercial SRAM. 
In the 1991 Vitesse Semiconductor Corporation GaAs device catalog, a typical GaAs 256X4 static RAM. 
constructed from E/D MESFET technology. has an access time of four nanoseconds while consuming 1.75 
watts. The GaAs DRAM offers a minimum READ/WRITE access time of approximately 3.0 nanoseconds 
while consuming ~ 2.45 watts. Of course, the initial bit density of the GaAs DRAM is very low and the initial 
power consumption per bit is much higher. Also, the REFRESH operation requires approximately 38.0 
nanoseconds and this is a very long time compared to the access time for a READ or WRITE. Additionally. 


256 





the required periodic interval for REFRESH is reported by Vagts [Ref. 8:p. 21] to be approximately three 
milliseconds. In a commercial DRAM, the refresh operation is typically accomplished approximately every 
four milliseconds using rows within two-dimensio: al arrays [Ref 9:p. 648}. This greatly reduces the amount 
of time required for commercial DRAM to refresh the contents of all its memory addresses. Were the 
commercial DRAM design and layout techniques applied to the GaAs DRAM, there is n0 reason why the 
results achieved would not be similar. 


2. Power Consumption 

The power values reported for the READ, WRITE, and REFRESH operations include power 
consumption of the entire chip for the target operation. The specific power consumption values for each of 
the major circuits are discussed in the previous chapter. The two largest consumers of V,, power are the 
CLOCK and DREFRESH, as one might expect. Both of these circuits would be improved were power 
optimization techniques applied. Also, given that the topic design chip is only eight four-bit words, one could 
argue that the economies of scale would greatly diminish the power consumption per bit. Additionally, the 
support circuitry was designed with the intent to use eight data bits, however, as previously discussed, the 
data bit deasity was halved after control design was complete. Therefore, the physical size of the transistors 


could, in many cases, be reduced which would reduce the overall power consumption. 


— 


3. Control Circuitry 
The simplicity utilized in the control design was intentional. Improvements may certainly be made 
to the control design and some could be considered mandatory. One such improvement would be a better 
design to handle the possible non-simultaneous assertion of two operation signals, such as READ then 
WRITE. Also, the incorporation of input data latches would simplify the design of the control circuitry. 
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APPENDIX A - HSPICE FILES 


The HSPICE files are provided for a representative sample of the GaAs DRAM logic circuits. 
Abbreviated in the interest of brevity (as providing all listing files will result in an appendix length over 600 
pages), this collection of listing files provides both the structure of the “*.sp” file and the information not 
specifically contained in any graph but listed separately in TABLE 4.1, “GaAs DRAM LOW-LEVEL 
CIRCUIT OPERATING CHARACTERISTICS,” on page 158. The listing files result from simulating the 
GaAs DRAM circuits with HSPICE. 


A. Listing File for DINV Transient Analysis at 25.0C 


Using: /tools3/cad/meta/h9007/sun4.1/hspice 

lic: license granted by the license server for hspice 

lic: from permit file: /tools3/cad/meta/h9007 /permit. hsp 

reading install configuration file: /tools3/cad/meta/h9007 /meta.cfg 

setting user memory from environment var to 250000 words. ( 2000000 bytes) 


weeeee hspice 9007d 19:27:27 23-jan93 sun 

** hspice file created for circuit ‘dinv' 

**ee** Copyright 1990 meta-software,inc. *****site: 

*eee** input listing oa 
KH 

* hspice.ini 

** technology: edgaas 

** standard 16-to-1 ratio of pull-down-to-pullup is used 


RRA MEA KR EAM EEK HE KE ARE KHANH AH RAR EERKKBE EER REE 
BMRB KA KAREEKAKARAKKKERKAEKAKKRAERKRKAKKAAKRAKKEAKERKAAAKKAE 
* hspice dcfl inverter subcircuit 

= input, output, power, ground 

subcktdinv 1 2 3 4 

*dgsb 

j0322 4 jfetl6 l=1.2 w=6.0 

j1214 4 jfet04 I=1.2 w=96.0 

ends dinv 


9 He He RH AC HM Me He He He HE He He Hee He A HH He A AE RH A HR RH HR a a EO 


* hspice dcfl standard load subcircuit 


bs input, output, power, ground 
Subcktd2load 1 2 3 4 

x0 1534dinv 

x11234dinv 

ends d2load 


FIO IORI IIR AIO IO II IOI SIAR IO IO ICR RC 
* &eeeHR® honice version ******#** 
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* include vitesse hgaas3 models and parameters for hspice. 

AH He MAA AME REAR EERE EEAEARAERERESEEAEKAEEEKERE 
* power supplies 

vds 1 Ode 2.0v $element under test power supply 

vload 888 0 dc 2.0v $ test load power supply 


* temperature card 
* temp 85.0 


* signal inputs 
* next line is for de transfer analysis 
*vin 999 0 


* next line is used to provide the test signal input for transient analysis 
va0 101 0 pulse(0.063 0.63 4200ps 100ps 100ps 4000ps 8400ps) 


* main circuit 

x0 101 102 888 0 dinv 

x1 102 103 888 Odinv 

x2 103 106 888 Odinv 

x3 106104 1 Odinv S$ element under test 
x4 104 107 888 Od2load $ test load 


* measurement parameters 


* next three lines are used for dc transfer analysis 
*.dc vin 0.00 0.63 0.001 
* probe de out/in=v(104,0) 


* next two lines are used for transient analysis 
.probe input=v(106) output=v(104) 
.probe tran p(vds) p(va0) p(vload) power 


* next 8 lines will calculate vmax vmin trise tfall and tdelay :transient analy 
s 

meas tran vmax max v(104) from=2ns to=20ns 

meas tran vmin min v(104) from=2ns to=20ns 

meas tran tphl trig v(106) val="(vmax-vmin)*.5' td=2ns 
+ rise=1 targ v(104) val='(vmax-vmin)*.5' td=2ns fall=1 
meas tran tplh trig v(106) val="(vmax-vmin)*.5' td=2ns 
+ fall=1 tang v(104) val="(vmax-vmin)*.5' td=2ns rise=1 
meas tran trise trig v(104) val='vmin+0.1*vmax' td=2ns 
+ rise=1 targ v(104) val='0.9*vmax' rise=1 

meas tran tfall trig v(104) val='0.9*vmax' td=2ns 

+ fall=2 targ v(104) val="vmin+0.1*vmax' fall=2 

meas tran tdelay trig v(106) val=.2835 td=2ns fall=[ 

+ — targ v(104) val=.2835 rise=1 

.tran 50ps 20ns 

.options scale=1le-06 brief=0 nopage measout post probe 
end 

** hspice file created for circuit ‘dinv’ 
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*eeeee Circuit name directory 


@ RKRKEK 
circuit number to circuit name directory 

number circuitname definition multiplier 
0 main circuit 
1 x0 dinv 1.00 
2xl dinv 1.00 
3 x2 dinv 1.00 
4x3 dinv 1.00 
5x4 d2ioad = =—:1.00 
6 x4.x0. dinv 1.00 
7Tx4.xi1. dinv 1.00 

Opening plot unit= 15 

file=dinv.pa0 


** hspice file created for circuit ‘dinv’ 
****** Operating point information tmom= 25.000 temp= 25.000 
ERR EK 
***** operating point status is voltage simulationtime is 0. 
node =voltage node =voltage node =voltage 


+0:1 == 2.0000 0:10! = 63.0000m0:102 =658.6414m 
+0:103 52.0534m 0:104 = 52.0545m 0-106 = 658.6893m 
+0: 107 1.9872 0:888 = 2,00005:5 = 1.9872 


Hon 


Opening plot unit= 16 
file=dinv.tr0 


** hspice file created for circuit ‘dinv’ 
****** transient analysis tnom= 25.000 temp= 25.000 


SL iar! 


ymax 6.4062E-01 at= 4.8836E-09 


from= 2.0000E-09 to= 2.0000E-08 
vmin = 5.0543E-02 at= 1.7275E-08 

from= 2.0000E-09 to= 2.0000E-08 
tphi = 1,0795E-10 targ= 8.5989E-09 trig= 8.4910E-09 
tplh = 7,.0997E-11 targ= 4.4733E-09 trig= 4.4023E-09 
trise = 3.5183E-10 targ= 4.7526E-09 trig= 4.4007E-09 
tfall = 1.3037E-10 targ= 1.7061E-08 trig= 1.6931E-08 
tdelay = 6.2566E-11 targ= 4.4672E-09 trig= 4.4046E-09 

***** iob concluded 


total cpu time 14,08 seconds 
job started at 19:27:27 23-jan93 
jehended at 19:27:57 23-jan93 


J am done with dinv.sp 
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Sat Jan 23 19:27:59 PST 1993 
B. _ Listing File for D4NOR Transient Analysis @ 25.0C 


Using: /tools3/cad/meta/h9007 /sun4. 1 /hspice 

lic: license granted by the license server for hspice 

lic: from permit file: Aools3/cad/meta/h9007 /pennit.hsp 

reading install configuration file: /toois3/cad/meta/h9007/meta.cfg 

setting user memory from environment var to 250000 words. ( 2000000 bytes) 


eeeeee hspice 9007d 6:49: 1 25-jan93_ sun 

** hspice file created for circuit d4nor: transient&power @ 25.0c 
*****% Copyright 1990 meta-software.inc. *****site: 

se tok tak input listing 

Pri r 3 

* hspice.ini 

** technology: edgaas 

** standard 16-to-1 ratio of pull-down-to-pullup is used 

Se a Me fe he Ae he fe He he ae a ae ae a he i he ee a ee a OR OR EE EO EK Oe RR OEE 
HE pe he Be fe he he He ie i A Oe os A he he he Ae he a Re a a Re A A eK RR OR 


* hspice dcfl inverter subcircuit 

* input, output, power, ground 
subcktdinv | 2 3 4 
*dgsb 

j0 322 4 jfetlé 1=1.2 w=6.0 

jl 2 14 4 jfet04 1=1.2 w=96.0 

.ends dinv 


ERK RKEEEAEKAKEKAEKKAERKEREK EKA RAKE KREAAKEERKAKAREAKTAKEK 


FE EM HE He He he ae He AE HH I A eH A He A HH RK RR HR IK ~~ 


* hspice dcfl 4-input nor subcircuit 

* ina, inb, inc, ind, output, power, ground 
subcktd4nor 12 3 4 5 6 7 
*dgsb 

j0655 7 jfetl6 1=1.2 w=6.0 

j1 5177 jfet04 1=1.2 w=96.0 

j2527 7 jfet04 i=1.2 w=96.0 

j3537 7 jfet04 I= 1.2 w=96.0 

j4547 7 jfet04 i=1.2 w=96.0 


ends d4nor 
SEEKER KRERE EERE EKEAEHAKKEE KEKE AAA AREER REERAKEARSE 


REE EHKHEE ERE KK EAKEKREEKHARES EKERREKRSEERKERETEEKKEEEKEEK 
* hspice deff standard load subcircuit 


. input. output, power, ground 
Subckt d2load 1 2 3 4 

x0 1534 dinv 

xl1234dinv 

ends d2iload 


REE EEE EEERERERAREKE EERE REREEERERAEARE SEEKER DAAEAEEEE 


+ +488"* hepice version ******s** 
* include vitesse hgaas3 models and parameters for hspice. 


EREKAKKE RARER EERE SRA EERERREREEEAAREESRARERARE EEE 
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* power supplies 
vds 1 0 de 2.0v Selement under test power supply 
vioad 888 0 dc 2.0v $ test load power supply 


* temperature card 
* temp 85.0 


* signal inputs 
* next line is for de transfer analysis 
*vin 999 0 


* next three lines used to provide test signal inputs for transient analysis 
va 100 0 pulse(0.063 0.63 4200ps 100ps 100ps 4000ps 8400ps) 

vb 101 0 pulse(0.063 0.63 8400ps 100ps 100ps 8200ps 16800ps) 

ve 102 0 pulse(0.063 0.63 16800ps 100ps 100ps 16600ps 33600ps) 

vd 103 0 pulse(0.063 0.63 33600ps 100ps 100ps 33400ps 67200ps) 


* main circuit 

* ina inb inc ind out pwr gud subname 

x3 100 101 102 103 104 1 0 dénos $ element under test 
x4 104 107 888 0 d2ioad S$ test load 


* measurement parameters 


* next two lines are used for de transfer analysis 
* dc vin 0.00 0.63 0.001 
* probe dc out/in=v(104,0) 


* next two lines are used for transient analysis 
-probe ina=v(100) inb=v(101) inc=v(102) ind=v(103) output=v(104) 
-probe tran p(vds) p(vioad) power 


* next 8 lines calculate vmax vin trise tfall and tdelay :transient analysis 
Meas tran ymax max v(104) from=2ns to=80ns 

meas tran vmin min v(104) from=2ns to=80ns 

* next line is adjustment necessary to facilitate measuring tfall. if 

* vmin is used in tfall calc, then the tfall calculation fails as the is a larg 
e 

* negative voltage spike when the four input mesfets switch from 

* all on to all off and this skews the tang parameter. notice that 

* vmin2 is used only in the tfall calculation line. 

Meas tran vmin2 find v(104) at=64ns 

meas tran tphi trig v(100) val="(vmax-vmin)*.5’ td=2ns 

+ rise=1 targ v(104) val=(vmax-vmin)*.5' td=2ns fall=1 

.meas tran tplh trig v(103) val="(vmax-vmin)*.5' td=2ns 

+ fall=1 targ v(104) val="(vmax-vmin)*.5° td=62ns rise=1 

meas tran trise trig v(104) val='vmin+0.1*vmax' td=62ns 

+ rise=| targ v(104) val='0.9*vmax' rise=1 

meas tran tfall trig v(104) val="0.9*vmax' td=65ns 

+ fall=1 targ v(104) val="vmin2+0.1*vmax' fall=1 
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meas tran tdelay trig v(103) val=.2835 td=62ns fall=1 

+ targ v(104) val=.2835 rise=1 

.tran 150ps 80ns 

options scale=le-06 brief=0 nopage measout post probe 

end 

** hspice file created for circuit d4nor. transient&power @ 25.0c 
*eeee% circuit name directory 

KEIO 


circuit number to circuit name directory 


number circuitname definition multiplier 
0 main circuit 
1 x3. d4nor 1.00 
2 x4. d2joad =: 11.00 
3 x4.x0. dinv 1.00 
4x4x1, dinv 1.00 
Opening plot unit= 15 
file=d4nor1.pa0 


** hspice file created for circuit d4nor: transient&power @ 25.0c 
****** Operating point information tnom= 25.000 temp= 25.000 
KHER EK 
***** operating point status is voltage simulationtime is 0. 

node =voltage node =voltage node =voltage 


+0:1 == 2.0000 0:100 = 63.0000m0:101 = 63.0000m 
+0:102 = 63.0000m 0:103 = 63.0000m0:104 = 635.9439m 
+0:107 = = 53.1628m 0:888 = 2.0000 2:5 = 53.1628m 


Opening plot unit= 16 
file=d4nor 1 .tr0 


** hspice file created for circuit d4nor: transient&power @ 25.0c 
*a**** transient analysis tnom= 25.000 temp= 25.000 
KARR 
vmax = 6.3802E-01 at= 6.7826E-08 

from= 2.000UE-09 to= 8.0000E-08 
vin = -5.3923E-02 at= 6.7200E-08 

from= 2.Q000E-09 to= 8.0000E-08 
vmmin2 = 1.9445E-02 
tphl = 6,1325E-11 targ= 4.3112E-09 trig= 4.2499E-09 
tplh = 2,1956E-10 targ= 6.7370E-08 tig= 6.7150E-08 
trise = 4.5618E-10 targ= 6.7673E-08 trig= 6.7217E-08 
tfall = 2.0223E-10 targ= 7.1664E-08 trig= 7.1461E-08 
tdelay = 1,5877E-10 targ= 6.7320E-08 trig= 6.7161E-08 


***** job concluded 


total cpu time 16.01 seconds 
job started at 6:49: 1 25-jan93 
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jobended at 6:49:36 25-jan93 


T am done with d4nor1.sp 
Moa Jan 25 06:49:38 PST 1993 


C. Listing File for DD3NAND Transient Analysis @ 25.0C 


Using: Aools3/cad/meta/h9007 /sun4. | /hspice 

lic: license granted by the license server for hspice 

lic: from permit file: Aools3/cad/meta/h9007 /permit.hsp 

reading install configuration file: /tools3/cad/meta/h9007/meta.cfg 

setting user memory from environment var to 250000 words. { 2000000 bytes) 


eereee hspice 007d 6:26:19 2-feb93 sun 

** hspice file created for circuit dd3nand: transient&power @ 25.0c 
****** copyright 1990 meta-software,inc. *****site: 

SOR input listing 

wk KK 

* hspice.ini 

** technology: edgaas 

** standard 16-to-1 ratio of pull-down-to-pullup is used 


396 RR HE He A he a He eR ee AH A A A OE OK IK 
ARMA AR HM AR HR CR HH I RH KA RAR KARAKEEERERAEAEA ERA KEKE 


* hspice dcfl inverter subcircuit 

* input, output, power, ground 
subcktdinv 1 2 3 4 
*dgsb 

j0322 4 jfeti6 l=1.2 w=6.0 = 
jl 2 144 jfet04 l=1.2 w=96.0 
ends dinv 


He RE AR Mee Me he he he ae Oe ake he ae eo A RE KKK RAKE EKER REE 
PPE Tito eit Tt rer rTP Peer Terre rrr rrirti rire re rrp iret rr 
* hspice dcfi 3-input demorgan nand subcircuit 

* ina, inb, inc, output, power, ground 

subcktdd3nand 1 23 #4 5 6 

x01 105 6 dinv 

x12 11 5 6 dinv 

x2 3 12 5 6 dinv 

x3 10 11 12 135 6 d3nor 

x413 4 5 6dinyv 

ends dd3nand 


Erte seri Pre rere rr re rr rrr rit tir ttt ete T tert rr et +t. ett te’ 
FEI IOIIOI IO SURI IIO IO IO EIOIOI IO EID AOI fac iat ici RIOR A RRR RR ak 


* hspice defi 3-input nor subcircuit 


* ina, inb, inc. output, power, ground 
subcktd3nor 12 3 #4 5 6 
*dgsb 

j05 446 jfetl6 l=1.2 w=6.0 

j14 166 jfet04 I=1.2 w=96.0 


j2-4 2 6 6 jfet04 l= 1.2 w=96.0 
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j3 43 6 6 jfet0d l= 1.2 w=96.0 
ends d3nor 


REEKKRERAERAKERAREREAKE SE RAKE EKER A KAEREKEERERSEREASRAESE 





RKKEEKKAKEREEKKKAREKKREAKSE SEK KKK KERAEEEKSARRERAKKERAAEEKERREES 


* hspice dcfl standard load subcircuit 
* input, output, power, ground 
subckt d2loud 1 2 3 4 

x0 1534 dinv 

x1 1234 dinv 

ends d2load 


RHEE REA RRA KE KEKE KERR RAKEK EEE KES KEKE KERAEKEKE SE 


e MRERERE hspice version ERKKKEKRAK 

* include vitesse hgaas3 models and parameters for hspice. 
EKKERAKRAEKRKAKRAKRKKAKAKKEEKKAAREAKAKKAKEKEKKAKSEEKKEKEKKEKEAKE 
* power supplies 

vds 10 de 2.0v $ element under test power supply 

vioad 888 0 dc2.0v $ test load power supply 


* temperature card 
* temp 85.0 


* signal inputs 
* next line is for dc transfer analysis 
*vin 999 0 


* next three lines used to provide test signal inputs for transient analysis 
va 101 0 pulse(0.063 0.63 4200ps 100ps 100ps 4000ps 8400ps) 

vb 102 0 pulse(0.063 0.63 8400ps 100ps 100ps 8200ps 16800ps) 

vc 103 0 pulse(0.063 0.63 16800ps 100ps 100ps 16600ps 33600ps) 


* main circuit 

* ina inb inc out pwr gnd subname 

x3 101 102 103 104 1 0 dd3nand $ element under test 
x4 104 207 888 0 d2load $ test load 


* measurement parameters 


* next two lines are used for dc transfer analysis 
* dc vin 0.00 0.63 0.001 
* probe dc out/in=v(104,0) 


* next two lines are used for transient analysis 
.probe ina=v(101) inb=v(102) inc=v(103) output=v(104) 
.probe tran p(vds) p(vioad) power 


* next 8 lines calculate vmax vmin trise tfall and tdelay :transient analysis 
ameas tran vmax max v(104) from=2ns to=42ns 

Meas tran vmin min v(104) from=2ns to=42ns 

meas tran tphi trig v(101) val="(vmax-vmin)*.5’ td=2ns 
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+ rise=1 tang v(104) val="(vmax-vmin)*.5' td=2ns fall=1 
meas tran tplh trig v(103) val='(vmax-vmin)*.5' td=2ns 
+ fall=1 tang v(104) val="(vmax-vmin)*.5' td=32ns rise=1 
meas tran trise trig v(104) val='vmin+0.1*vmax’ td=32ns 
+ rise=1 tang v(104) val='0.9*vmax' rise=1 

meas tran tfail trig v(104) val='0.9*vmax' td=25ns 

+ fall=1 tang v(104) val='vmin+0.1*vmax’ fall=1 

meas tran tdelay trig v(103) val=.2835 td=32ns fall=1 

+ — targ v(104) val=.2835 rise=1 

tran 100ps 42ns 

options scale=1e-06 brief=0 nopage measout post probe 
.end 

** hspice file created for circuit dd3nand: transient&power @ 25.0c 
****** circuit name directory 

ee 


circuit number to circuit name directory 


number circuitname definition multiplier 
O main circuit 
1x3. dd3nand 1.00 
2 x4. d2load 1.00 
3 x3.x0. dinv 1.00 
4x3.xl1. dinv 1.00 
5 x3.x2. dinv 1.00 
6 x3.x3. d3nor 1.00 
7 x3.x4. dinv 1.00 
8 x4.x0. dinv 1.00 
9x4.xl1, dinv 1.00 
Opening plot unit= 15 ae 
file=dd3nand1.pa0 


** hspice file created for circuit dd3nand: transient& power @ 25.0c 
**4**** operating point information toom= 25.000 temp= 25.000 
ROC 
***** operating point status is voltage simulationtime is 0. 

node =voltage node =voltage node =voltage 


40:1 = = 2.0000 0:101 = 63.0000m0:102 = 63.0000m 
+0:103 = 63.0000m 0:104 = 636.6116m0:107 = 53.0853m 
+0:888 = 2.0000 1:10 =651.479Im 1:11 == 651.4791m 
41:12 =651.4791m 1:13) = 26.2297m2:5 = = 53.0853m 


Opening plot unit= 16 
file=dd3nand!.tr0 


** hsnice file created for circuit dd3nand: transient&power @ 25.0c 
****** transient analysis tnom= 25.000 temp= 25.000 


eet iel 4 


vmax = 6.4002E-01 at= 3.4050E-08 
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from= 2.0000E-09 to= 4.2000E-08 
vin = §.1063E-02 at= 2.9925E-08 @ 


from= 2.0000E-09 to= 4.2000E-08 
tphl = 2,5424E-08 targ= 2.9665E-08 trig= 4.2408E-09 
tplh = 1.3913E-10 targ= 3.3698E-08 wig= 3.3559E-08 
trise = 3.3657E-10 targ= 3.3969E-08 trig= 3.3633E-08 
tfall = 1.3463E-10 targ= 2.9722E-08 tig= 2.9588E-08 
tdelay = 1,3311E-10 targ= 3.3694E-08 trig= 3.3561E-08 
***** job concluded 


total cpu time 18,28 seconds 
job started at 6:26:19 2-feb93 
jobended at 6:27:15 2-feb93 


I am done with dd3nand1.sp 
Tue Feb 2 06:27:16 PST 1993 


D. Listing File for DD4AND Transient Analysis @ 25.0C 


Using: /tools3/cad/meta/h9007/sun4. 1 /hspice 

lic: license granted by the license server for hspice 

lic: from permit file: Aols3/cad/meta/h9007 /permit.hsp 

reading install configuration file: /tools3/cad/meta/nh9007/meta.cfg 

setting user memory from environment var to 250000 words. ( 2000000 bytes) 


eeeeet hspice 9007d 7: 4:18 26-jan93 sun 

** hspice file created for circuit dd4and: transient& power @ 25.0c 

****4* copyright 1990 meta-software,inc. *****site: sara 
RHKKAAK input listing 

RRR 

* hspice ini 

** technology: edgaas 

** standard 16-to-1 ratio of pull-down-to-pullup is used 


EREKRKKKEKKRKEEKEE EEE ERE KKEEEKEKKARKERKERERREEEKAKKERAREKESEK 
BRAK KH He HAR AAA KKK AK HKERKEKKAKAKAKKKAAKAKAEKAKKKAKAEKARAKKEK 
* hspice defi inverter subcircuit 

* input, output, power, ground 

subcktdinv 1 2 3 4 

* dgsb 

jO3 22 4 jfetl6 1=1.2 w=6.0 

ji 2 14 4 jfetO4 l=1.2 w=96.0 

.ends dinv 


MAM HH ie A RAH RK AEE RK EERE EE RAKES EERE RAKE EE KE 
ERK CARH HAAN ERK AEE EERE KK AKEEEK EAE KARE RAKE RAE ERE 


* hspice defl 4-input nor subcircuit 


* ila, inb, inc, ind, output, power, ground 
subcktd4nor 12 3 4 5 6 7 
*dgsb 


j06557 jfetl6 I=1.2 w=6.0 
j15177 jfet04 t=1.2 w=96.0 








j2527 7 jfer04 1=1.2 w=96.0 

j35377 jfet04 i=1.2 w=96.0 

54.5477 jfet04 l=1.2 w=96.0 

ends d4nor 
KKKKKAKKSEAEKARAKKEAKAEREERAKEKERAEERKEKEEKEAAREREEECERARE 


ERREKRKS ERK SKA RAREKAKKAREAKKEAERKEKEREAKAKAKEREEEEREEKEKE 
* hspice dcfl 4-input demorgan and subcircuit 

* ina, inb, inc, ind, output, power, ground 
subcktdd4and 1 23 4 5 6 7 

x01 1067 dinv 

x12 1167 dinv 

x2 3 12 67 dinv 

x34 13 6 7 dinv 

x4 10111213 5 67 d4nor 

ends dd4and 


SKKEKAKEAKAK EKER EKKEAAKKE EKER ERE REEKARKEREKEK EES EK AKEEE 
MREKEREKKAAEAKEKEKKEAKEKKHKERKAKRKAKAKKARACEAAARAKEKEAKREKESEKERKKE 


* hspice def standard load subcircuit 
* input, output, power, ground 
subcktd2losad 1 2 3 4 

x0 1534 dinv 

x1 1234 dinv 

ends d2load 


RE IEICE HEA Me Me he He Ae He A he He AK AAA AAR AAR MERA KARA EREREKE KEKE EE 


K RERRKEEK hspice version KEKEEEREK 

* include vitesse hgaas3 models and parameters for hspice. 

RKAKKKK KERALA REKKREKEKRAKKEAAAKKAELKKK KEK EKEKEK SKATER KEE 
* power supplies 

vds 10 de 2.0v $element under test power supply 

vload 888 0 dc 2.0v $ test load power supply 


* temperature card 
* temp 85.0 


* signal inputs 
* next line is for dc transfer analysis 
*vin 999 0 


* next three lines used to provide test signal inputs for transient analysis 
va 100 0 pulse(0.063 0.63 4200ps 100ps 100ps 4000ps 8400ps) 

vb 101 0 pulse(0.063 0.63 8400ps 100ps 100ps 8200ps 16800ps) 

ve 102 0 pulse(0.063 0.63 16800ps 100ps 100ps 16600ps 33600ps) 

vd 103 0 pulse(0.063 0.63 33600ps 100ps 100ps 33400ps 67200ps) 


* main circuit 

* ina inb inc ind out pwr gnd subname 

x3 100 101 102 103 104 1 0 dddand $ element under test 
x4 104 107 888 0 d2load §$ test load 


* measurement parameters 
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* next two lines are used for de transfer analysis & 
*.dc vin 0.00 0.63 0.001 
* probe dc out/in=v( 104.0) 


* next two lines are used for transient analysis 
probe ina=v(100) inb=v(101) inc=v(102) ind=v(103) output=v(104) 
.probe tran p(vds) p(vioad) power 


* next 8 lines calculate vmax vmin trise tfall and tdelay :transient analysis 
.meas tran vmax max v(104) from=2ns to=80ns 

.meas tran vmin min v(104) from=2ns to=80ns 

* next line is adjustment necessary to facilitate measuring ¢fall. if 
* ymin is used in tfall calc, then the tfall calculation fails as the is a larg 
e 

* negative voltage spike when the four input mesfets switch from 
* all on to all off and this skews the targ parameter. notice that 

* ymin? is used only in the tfall calculation line. 

ameas tran vmin2 find v(104) at=64ns 

.meas tran tphl trig v(100) val="(vmax-vmin)*.5' td=62ns 

+ fall=1 targ v(104) val="(vmax-vmin)*.5' td=2ns fall=1 

meas tran tplh trig v(100) val='(vmax-vmin)*.5‘ td=60ns 

+ rise=1] tang v(104) val='(vmax-vmin)*.5' td=60ns rise=1 

-meas tran trise trig v(104) val=’vmin+0.1*vmax’ td=2ns 

+ rise=1 targ v(104) val='0.9*vmax' rise=1 

-meas tran tfall trig v(104) val='0.9*vmax' td=2ns 

+ fall=1 targ v(104) val='vmin+0.1*vmax' fall=1 

meas tran tdelay trig v(100) val=.2835 td=60ns rise=1 

+ targ v(104) val=.2835 rise=1 

.tran 150ps 80ns 

.options scale=le-06 brief=0 nopage measout post probe 

end 

** hspice file created for circuit dd4and: transient&power @ 25.0c 
*****% circuit name directory 

ee ae 


circuit number to circuit name directory 


number circuitname definition multiplier 
O main circuit 
1x3. dd4and 1.00 
2 x4, d2ioad 1.00 
3 x3.x0. dinv 1.00 
4x3.xl. dinv 1.00 
5 x3.x2., dinv 1.00 
6 x3.x3. dinv 1.00 
7 x3.x4, d4nor 1,00 
& x4.x0. dinv 1.00 
9x4.x1. dinv 1.00 

Opening plot unit= 15 


file=dd4and1 .pa0 


** hspice file created for circuit dd4and: transient& power @ 25.0c 
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****** operating point information tom= 25.000 temp= 25.000 
WERKE 

***** operating point status is voltage simulationtimeis 0. 
node <=voltage node =voltage node =voltage 


40:1 == 2.0000 0:100 = 63.0000m0:101 = 63.0000m 
+0:102 = 63.0000m 0:103 = 63.0000m 0:104 = 23.1758m 
+0:107 = 1.9925 0:888 = 2.0000 1:10 =650.4087m 
+1:11 = 659.4087m 1:12 =650.4087m 1:13 = 650.4087m 
42:55 = 1.9925 


Opening plot unit= 16 
file=dd4and1.tr0 


** hspice file created for circuit dd4and: transient&power @ 25.0c 
**4e** transient analysis tnom= 25.000 temp= 25.000 
WERK AH 
vmax = 6.4077E-01 at= 6.7150E-08 
from= 2.0000E-09 to= 8.0000E-08 
vmin = 1.6595E-02 at= 7.5700E-08 
from= 2.0000E-09 to= 8.0000E-08 
vmin2 = 6.3620E-01 


tphl = 75761E-11 targ= 6.7232E-08 trig= 6.7156E-08 
tpl = 1.5859E-10 targ= 6.3203E-08 trig= 6.3044E-08 : 
trise = 4.1758E-10 targ= 6.3491E-08 tig= 6.3074E-08 — 
tfall = 1.0060E-10 targ= 6.7281E-08 trig= 6.7181E-08 
tdelay = 1,3853E-10 tang= 6.3177E-08 trig= 6.3039E-08 
***** iob concluded 


total cpu time 24.41 seconds 
job started at 7: 4:18 26-jan93 
jobended at 7:5:11 26-jan93 


I am done with dd4and!.sp 
Tue Jan 26 07:05:12 PST 1993 


E. Listing File for DD4OR Transient Analysis @ 25.0C 


Using: /tools3/cad/meta/h9007/sun4. 1 /hspice 

lic: license granted by the license server for hspice 

lic: from permit file: /tools3/cad/meta/h9007 /permit.hsp 

reading install configuration file: /tools3/cad/meta/h9007 /meta.cfg 

setting user memory from environment var to 250000 words. ( 2000000 bytes) 


senee* spice 9007d 21: 2:42 26-jan93_ sun 


** hspice file created for circuit dd4or: transient&power @ 25.0c 
**4**** copyright 1990 meta-software,inc. *****site: 
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RRR input listing 
RK K 


* hspice.ini 
** technology: edgaas 
** standard 16-to-1 ratio of pull-down-to-pullup is used 


RREKKKR EKER ERK KAKKARAKEK AERA RR ERAEKKERAREKERKAKEKKREEREA 
He TR Ae A eH eH RK HE HO EAE KK KEKE ERK KEKE K 


* hspice dcfl inverter subcircuit 

* input, output, power, ground 
subcktdinv 1 2 3 4 

* dgsb 

j0322 4 jfetl6 l=i.2 w=6.0 

jl 2144 jfet04 1=1.2 w=96.0 

ends dinv 


HR RH HH RE ROR EERE KEE EAA HK EKER KKEKEE EERE KEK EERE 
HAMAR BAH KEKE EE ERA KKK KEKE EEKE KEARSE AERE RARE S 


* hspice defi 4-input nor subcircuit 


* ina, inb, inc, ind, output, power, ground 
subcktd4nor 12 3 4 5 6 7 
*dgsb 

j0655 7 jfetl6 l=1.2 w=6.0 


j15 177 jfet04 1=1.2 w=96.0 
j2527 7 jfet04 l=1.2 w=96.0 
j3 537 7 jfet04 l=1.2 w=96.0 
345.477 jfet04 1=1.2 w=96.0 


ends d4nor 
RHEKKKAKKKEK AH KEKE AEA AKKKAK KEKE KERREKSEEEKKKKKKAKK 


EAC HH HM A Me HH HK EKA EK RE KKH RHE KER 
* subcircuit defi 4-input or 

* ina inb inc ind output power ground 

subcktdd4or 1234 5 6 7 

* ina inb inc ind out pwr gnd subname 

x0 1 23 4 8 6 7 d4nor 

xl 8 5 6 7 dinv 

ends dd4or 


SERCO RI RR ROR IC SO a RIO BOR COI RI IO IO FORE OK 
PTEerrrorooe error rrr rer retire rr rite tir ite te ti tire reer to 


* hspice dcfl standard load subcircuit 


* input, output, power, ground 
subcktd2loadd 1 2 3 £4 

x0 1534 dinv 

x11234dinv 

ends d2load 


SIO IO a I aR RO OR a la ic roi I io a aK ak ate ace 


KKK hspice version KAKA KEKE 


* include vitesse hgaas3 models and parameters for hspice. 
EET E LTE TEL ere CLT tS rere re reer rtr ere rte resi ert tiers gd 


* power supplies 
vds 1 0 dc 2.0v $ element under test power supply 
vload 888 0 dc 2.0v §$ test load power supply 
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* temperature card 
* temp 85.0 


* signal inputs 
* next line is for dc transfer analysis 
*vin 9990 


* next three lines used to provide test signal inputs for transient analysis 
va 100 0 pulse(0.063 0.63 4200ps 100ps 100ps 4000ps 8400ps) 

vb 101 0 pulse(0.063 0.63 8400ps 100ps 100ps 8200ps 16800ps) 

ve 102 0 puise(0.063 0.63 16800ps 100ps 100ps 16600ps 33600ps) 

vd 103 0 pulse(0.063 0.63 33600ps 100ps 100ps 33400ps 67200ps) 


* main circuit 

* ina inb inc ind out pwr gnd subname 

x3 100 101 102 103 104 1 0 dd4or S$ element under test 
x4 104 107 888 0 d2load $ test load 


* measurement parameters 


* next two lines are used for de transfer analysis 
*.dc vin 0.00 0.63 0.001 
* probe de outfin=v(104,0) 


* next two lines are used for transient analysis 
probe ina=v(100) inb=v(101) inc=v(102) ind=v(103) output=v(104) 
.probe tran p(vds) p(vload) power 


* next 8 lines calculate ymax vmin trise tfall and tdelay :transient analysis 
meas tran vmax max v(104) from=2ns to=80ns 

meas tran vmin min v(104) from=2ns to=80ns 

* next line is adjustment necessary to facilitate measuring tfall. if 
* ymin is used in tfall calc, then the tfall calculation fails as the is a larg 
e 

* negative voltage spike when the four input mesfets switch from 
* all on to all off and this skews the targ parameter. notice that 

* ymin2 is used only in the tfall calculation line. 

meas tran vmin2 find v(104) at=64ns 

meas tran tphl trig v(100) val='(vmax-vmin)*.5' td=62ns 

+ fall=1 targ v(104) val="(vmax-vmin)*,5' td=2ns fall=1 

meas tran tplh trig v(100) val="(vmax-vmin)*.5' td=70ns 

+ rise=] targ v(104) val='(vmax-vmin)*.5' td=70ns rise=1 

Meas tran trise trig v(104) val='vmin+0.1*vmax’ td=2ns 

+ rise=1 tang v(104) val="0.9*vmax' rise=1 

smeas tran tfail trig v(104) val='0.9*vmax’ td=2ns 

+ fall=1 tang v(104) val='vmin+0.1*vmax' fall=1 

ameas tran tdelay trig v(100) val=.2835 td=70ns rise=1 

+ tang v(104) val=.2835 td=70ns rise=1 

tran 150ps 80ns 

.options scale=le-06 brief=0 nopage measout post probe 
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.end 
** hsnice file created for circuit dd4or: transient& ,»ower @ 25.0c 


**#***e* circuit name directory 
eR te 


circuit number to circuit name directory 


number circuitname definition multiplier 
0 main circuit 
1x3. dd4or 1.00 
2 x4, d2load 1.00 
3 x3.x0. d4nor 1.00 
4x3.xl. dinv 1.00 
5 x4.x0. dinv 1.00 
6x4.x1L. diny 1.00 

Opening plot unit= 15 
file=dd4or1.pa0 


** hspice file created for circuit dd4or: transient&power @ 25.0c 
*****% Operating point information tmom= 25.000 temp= 25.000 
sek aC 
**+** operating point status is voltage simulation time is 0. 

node =voltage node =voltage node =voltage 


+0:1 == 2.0000 0:100 = 63.0000m0:101 = 63.0000m 
+0:102 = 63.0000m 0:103 = 63.0000m0:104 = 52.0403m 
40:107. = 1.9872 0-888 = 2.0000 1:8 =658.0337m 
42:55 = 1.9872 


Opening plot unit= 16 
file=dd4or 1! trO 


** hspice file created for circuit dd4or: transient&power @ 25.0c 
****** transient analysis tnom= 25.000 temp= 25.000 
HRM KH 
vmax = 6.4095E-01 at= 3.3625E-08 
from= 2.0000E-09 to= 8.0000E-08 
vmin = 5,1203E-02 at= 6.7750E-08 
from= 2.0000E-09 to= 8.0000E-08 
ymin2 = 6.3663E-01 


tphi = 2.5787E-10 targ= 6.7417E-08 trig= 6.7159E-08 
tpih = 1.2195E-10 targ= 7.1563E-08 trig= 7.1441E-08 
trise = 3.5080E-10 targ= 4.6374E-09 trig= 4.2866E-09 


1.6879E-10 targ= 6.7496E-08 trig= 6.7328E-08 
tdelay = 1.1768E-10 targ= 7.1557E-08 trig= 7.1439E-08 


***** job concluded 

total cpu time 17.67 seconds 
job started at 21: 2:42 26-jan93 
jobended at 21: 3:18 26-jan93 


274 








Tam done with dd4orl.sp 
Tue Jan 26 21:03:20 PST 1993 


F. Listing File for CPDFF Transient Analysis @ 25.0C 


Using: /tools3/cad/meta/h9007/sun4. 1 /hspice 

lic: license granted by the license server for hspice 

lic: from permit file: jAools3/cad/meta/h9007 /permit.bsp 

reading install configuration file: /tools3/cad/meta/h9007 /meta.cfg 

setting user memory from environment var to 250000 words. ( 2000000 bytes) 


weeeee® hspice 9007d 8:43: 4 2-feb93 sun 

** hspice file created for circuit cpdff: ransient&power @ 25.0c 
*#**** copyright 1990 meta-software.inc. *****site: 

*e*e"% input listing 

KEEREK 

* hspice.ini 

** technology: edgaas 

** standard 16-to-1 ratio of pull-down-to-pullup is used 
KEAKKKRECKLAKAKKKAAKEKKERK EKA KCAKKAKAEKAEREKEKAKAAAEESHEKAKEEESEK 
KEKE A RKC RKC AAR AEREAKREKREAKAAEKEEEEEEEEE 

* subcircuit hspice dcfl clear d flip flop 

* wakerly pg 363 - 3ljuly 1992 

+¥e dctk /clr q /q power ground 

subcktcpdff 123 45 6 7 

x0 12 10 9 6 7 dd2nand : 

x1 93 2 10 6 7 dd3nand — 


x2 10 2 12 11 6 7 dd3nand 
x3 113 1 12 6 7 dd3nand 
x4 #10 5 4 6 7 dd2nand 
x5 43 11 5 6 7 dd3nand 
ends cpdff 


RKREREKEARRAREKCKAREAAEKKARKEKAKKAARAAREARAKARSEKKAERARRAREER 
KERERREERAEREKEKEAEEAAAKAKEEMAAKAAKAKREREAAAAEKAEKSERAKAE KARE 
* hspice defi 3-input nor subcircuit 

= ina, inb, inc, output, power, ground 

subcktd3nor 12 3 4 «5 6 

*dgsb 

j05 44 6 jfetl6 Il=1.2 w=6.0 

j1 4 166 jfetO04 l=1.2 w=96.0 

j2 42 6 6 jfetO4 1=1.2 w=96.0 

43 43 6 6 jfet04 1=1.2 w=96.0 

ends d3nor 
EEKKAKARAEKEAAKREAREAAKRERAEKAALARSEEAKRERERAERERSEKEEREAKERKERREREKE 
* bspice def 3-input demorgan nand subcircuit 

. ina, inb, inc, output, power, ss 

subcktdd3nand | 2 3 4 = § 

x01 105 6 dinv 

x12 115 6dinv 


275 





x23 12 5 6 dinv 

x3 10 11 12 13 5 6 d3nor 
x413 4 5 6dinv 
ends dd3nand 


RRKEKRRAEBEERAMKARAEAERAEERAAKAAAKARARERERERSARERSTEE ERE EAAE 


RERKEKKHASCKKKERKKAKECSECKASEKAEAKAEAKSEARSAERCRAKEKEESEREARAES EEK ESE 
* hspice defi 2-input nor subcircuit 

* ina, inb, output, power, ground 

subcktd2n0r 12 3 #4 «5 

* dgsb 

j04 3 3 5 jfetl6 l=1.2 w=6.0 

jl1315 5 jfet04 l=1.2 w=96.0 

j2325 5 jfet04 l=1.2 w=96.0 

ends d2nor 


HERRERA RERRRAEEARREKRARAEKKAEEAH SERA ERERERSE 


* hspice dcfl 2-input demorgan nand subcircuit 


by ina, inb, output, power, ground 
subcktdd2nand | 2 3 4 «5 
x01 1045 dinv 


xl2 1145 dinv 
x2 1011 12 45 d2nor 
x312 3 45dinv 
ends dd2nand 


KXKKRAKKAKKKKEARKAKEKRKA SERRE CKAEAKAKRAEKREEKSKKARAKERAAERKEEKAKSE 
KRKKKKKKAKEREKRAKKEKAARARRREARAKSERAKAKEKERARERREKREKESEKER EERE 
* hspice defi inverter subcircuit 

. input, output, power, ground 

subcktdinv 1 2 3 4 

*dgsb 

j0322 4 jfeti6 l=1.2 w=6.0 

jl2 144 jfet04 I= 1.2 w=96.0 

ends dinv 


LRAKEKERKEKELAKKEEREREARAKRKREKERRAKKEKEREREREAE KES EER ERE 
KEEKKKKERERAKKKKSKAKKERAELKAKKARERAEKHEERARERESKEERERAEEEAKAAEE 


* hspice defi standard load subcircuit 
ae input, output, power, ground 
subcktd2ioead 1 22 3 «4 

x0 1534 dinv 

x1 1234 dinv 

ends d2load 


EERE ERAEKEEKEKAEEEREREAEEAKELAREEAEREREREEEE ERE 
e EERE hspice version SEASKKEEE 

* include vitesse hgaas3 models and parameters for hspice. 
EKKAKEKKEAKRESEAKKAKEAREAREREKEALEKEKAEEEEKESREKAREREREREERER 

* power supplies 

vds 1 0 de 2.0v $ element under test power supply 

vioad 888 0 dc 2.0v $ test load power supply 


* temperature card 
* temp 85.0 
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* signal inputs 
* next line is for de transfer analysis 
*vin 999 0 


* next three lines used to provide test signal inputs for transient analysis 
va 100 0 pulse(0.063 0.63 4200ps 100ps 100ps 4000ps 8400ps) 

vb 101 0 pulse(0.063 0.63 8400ps 100ps 100ps 8200ps 16800ps) 

ve 102 0 pulse(0.063 0.63 16800ps 100ps 100ps 16600ps 33600ps) 


* main circuit 

* dclk clr q /q power ground 

x0 101 100 102104105 1 0 cpdff $ element under test 
x1 104 107 888 0 d2load $ test load 

x2105 108 888 0 d2load $test load 

* measurement parameters 


* next two lines are used for dc wansfes analysis 
*.dc vin 0.00 0.63 0.001 
* probe dc out/in=v(104,0) 


* next two lines are used for transient analysis 
.probe din=v(101) clk=v(100) clr=v(102) q=v(104) qnot=v(105) 
.probe tran p(vds) p(vload) power 


* next 8 lines calculate vmax vmin trise tfall and tdelay :transient analysis 
.meas tran ymax max v(104) from=2ns to=40ns 

meas tran vmin min v(104) from=2ns to=40ns 

.meas tran tphl trig v(100) val='(vmax-vmin)*.5' td=27ns 

+ rise=1 targ v(105) val="(vmax-vmin)*.5' td=2as fall=1 

meas tran tplh trig v(100) val="(vmax-vmin)*.5' td=27ns 

+ rise=1 targ v(104) val='(vmax-vmin)*.5' td=2ns rise=1 

meas tran trise trig v(104) val='vmin+0.1*vmax' td=2ns 

+ rise=1 targ v(104) val='0.9*vmax' rise=1 

meas tran ¢fall trig v(105) val='0.9*vmax' td=2ns 

+ fall=1 targ v(105) val='vmin+0.1*vmax' fall=1 

meas tran tdelay trig v(100) val=.2835 td=27ns rise=1 

+  targ v(105) val=.2835 td=20ns fall=1 

.tran 50ps 40ns 

.options scale=le-06 brief=0 nopage measout post probe 

end 

** hspice file created for circuit cpdff: transient&power @ 25.0c 
weeees circuit name directory 

CEHRREE 


circuit number to circuit name directory 


number circuitname definition multiplier 
O main circuit 
1 x0. cpdff 1.00 
2xl, d2ioad =: 1.00 
3 x2. d2ioad =: 11.00 


4 x0.x0. dd2nand = 1.00 


5 x0.xl. dd3nand 1.00 
6 x0.x2. dd3nand 1.00 
7 x0.x3. dd3nand 1.00 
8 x0.x4. dd2nand 1.00 
9 x0.x5. dd3nand 1.00 
10 x1L.x0. diny 1.00 
11 x1.xl. dinv 1.00 
12 x2.x0. dinv 1.00 
13 x2.x1. dinv 1.00 
14 x0.x0.x0. dinv 1.00 
15 x0.x0.x1. dinv 1.00 
16 x0.x0.x2. d2nor 1.00 
17 x0.x0.x3. dinv 1.00 
18 x0.x1.x0. dinv 1.00 
19 xO.x1L.xl. dinv 1.00 
20 x0.x1.x2. dinv 1.00 
21 x0.x1-.x3. d3nor 1.00 
22 x0.x1.x4. dinv 1.00 
23 x0.x2.x0. diny 1.00 
24 x0.x2.x1. dinv 1.00 
25 x0.x2.x2. dinv 1.00 
26 x0.x2.x3. d3nor 1.00 
27 x0.x2.x4. dinv 1.00 
28 x0.x3.x0. dinv 1.00 
29 x0.x3.x1. dinv 1.00 
30 x0.x3.x2. dinv 1.00 
31 x0.x3.x3. d3nor 1.00 
32 x0.x3.x4. dinyv 1.00 
33 x0.x4.x0. dinv 1.00 
34 x0.x4.x1. dinv 1.00 
35 x0.x4.x2. d2nor 1.00 
36 x0.x4.x3. dinv 1.00 
37 x0.x5.x0. dinv 1.00 
38 x0.x5.x1. dinyv 1.00 
39 x0.x5.x2. dinv 1.00 
40 x0.x5.x3. d3nor 1.00 
41 x0.x5.x4. diny 1.00 
Opening plot unit= 15 
file=cpdff1.pa0 


** hspice file created for circuit cpdff: transient&power @ 25.0c 
****** operating point information tnom= 25.000 temp= 25.000 
CREEK 
***** operating point status is voltage simulationtimeis 0. 

nude =voltage node =voltage node <=voltage 


+0:1 = 2.0000 0:100 = 63.0000m 0:101 = 63.0000m 
+ 0:102 63.0000m 0:104 = 52.0504m 0:105 = 624.0322m 
+ 0:107 1.9872 0:108 = 54.971lm 0-888 = 2.0000 
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+19 = 52.0506m 1:10 =624.0441m 1:1! = 636.5449m 
+1:12 = 636.5992m 2:5 1.9872 3:5 = 54.9711m 
+4:10 = 53.0867m 4:11 54.9689m 4:12 =658.5204m 
+5:10 =651.5268m 5:11 651.4803m 5:12 =651.4803m 
+5:13 = 26.2332m 6:10 54.9689m 6:11 = 658.6219m 


+6:12 = 53.0867m 6:13 = 51.9641m 7:10 = 53.0929m 
+7:11 = 653.4945m 7:12) =653.4945m 7:13 = 32.4207m 
+8:10 = 54.9689m 8:11 = 54.9711m 8:12 = 658.5128m 


+9:10 =653.5426m 9:11 =653.4958m 9:12 = 53.0929m 
+9:13 = 32.4248m 


Opening plot unit= 16 
file=cpdff1.trO 


** hspice file created for circuit cpdff: transient&power @ 25.0c 
**x«e** transient analysis mom= 25.000 temp= 25.000 
ARKH 
vmax = 6.2537E-01 at= 3.4000E-08 

from= 2.0000E-09 to= 4.0000E-08 
vmin = 5.0705E-02 at= 3.4475E-08 

from= 2,.0000E-09 to= 4.0000E-08 
tphi = 9.3060E-10 targ= 3.0370E-08 trig= 2.9440E-08 


tpth = 4.4528E-10 targ= 2.9885E-08 trig= 2.9440E-08 
trise = 4.1904E-10 targ= 3.0219E-08 trig= 2.9800E-08 
tfall = 1.9364E-10 targ= 3.0445E-08 trig= 3.0251E-08 


tdelay = 93260E-10 targ= 3.0371E-08 trig= 2.9439E-08 


****&* job concluded 

total cpu time 68.01 seconds 
job started at 8:43:4 2-feb93 
jobended at 8:46:37 2-feb93 


1 am done with cpdff1.sp 
Tue Feb 2 08:46:39 PST 1993 


G. Listing File for DLATCH Transient Analysis @ 25.0C 


Using: /tools3/cad/meta/h9007 /sun4.1/hspice 

lic: license granted by the license server for hspice 

lic: from permit file: ftools3/cad/meta/h9007 /permit.hsp 

reading install configuration file: /tools3/cad/meta/h9007/meta.cfg 


setting user memory from environment var to 250000 words. ( 2000000 bytes) 


eeeeee ohspice 9007d 7:17:20 27-jan93_ sun 

** hspice file created for circuit dlatch: transient&power @ 25.0c 
#eeee* Copyright 1990 meta-software,inc. *****site: 

*+ee* input listing 


EERREK 
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* hspice.ini 


** technology: edgaas 
** standard 16-to-1 ratio of pull-down-to-pullup is used 


MRE AAAS ERESERSEREAKAKSAKEASHERESRERSASEREERS ERED 
RRERERKAKKAKARKRAKEREKESKTKSERAREKKKEKKESEKAKREREAKKKEKAEKAE SESH 
* hspice defi inverter subcircuit 

= input, output, power, ground 

subcktdinv 1 2 3 4 

*dgsb 

j03 22 4 jfetl6 l=1.2 w=6.0 

jl 2144 jfet04 1=1.2 w=96.0 

ends dinv 


HM HAR KA KHER RHA KER ERK KKKAKKHKARKASERKAAAREAS RAKES EERE 
ERK REA KEE EEK ERE KEKE EKEKKAKERKAEEKKEKAKRARKEE EK 

* subcircuit defi d-latch using generic gates 

* d clk q /q power ground 

subcktdlath 1234 5 6 

* ina inb output power ground subname 


RHE KKK KHER EK AA KARAS KKAARKERKKEE EEK ERKEEKERAKREEESE 
RARE KAKA KKKARAKKKHEKKK EKA KKK EKRKEKREEERAEREREKKEAKEKKSK KEE 
* hspice dcfl 2-input real nand subcircuit 

* ina, inb, output, power, ground 

subcktd2nand 1 2 3 4 § 

*dgsb 

j0 433 5 jfetlé l=1.2 w=6.0 

j13165 jfet04 l=1.2 w=192.0 

j2625 5 jfet04 1=1.2 w=192.0 

.ends d2nand 


RKKKKRAEKREBA KARA MAKERS EAEEAKEEKERERKRARERK KARE REKAAEAKE 
KREMER AKERS CARE SCKACEKAKEAAAAAAARAEEE EAE EKERARAKEREK 
* hspice defi standard load subcircuit 

* input, output, power. ground 

subcktd2load 1 2 3 4 

x0 153 4dinv 

x11234dinv 

ends d2load 

MMR I EHR EKER EKER EEK ERK KE EKAKKK RAKE REE 
KH ERERREK hspice version REEEKAEEEE 

* include vitesse hgaas3 models and parameters for hspice. 

He He Re He ke RK HK AH ERA ERATE ERR 

* power supplies 

vds 1 0 dc 2.0v $element under test power supply 

vioad 888 0 dc 2.0v $ test load power supply 


* temperature card 





* temp 85.0 


* signal inputs 
* next line is for dc transfer analysis 
*vin 999 0 


* next three lines used to provide test signal inputs for transient analysis 
va 100 0 pulse(0.063 0.63 4200ps 100ps 100ps 4000ps 8400ps) 
vb 101 0 pulse(0.063 0.63 8400ps 100ps 100ps 8200ps 16800ps) 


* main circuit 

* d clk q /q power ground 

x3 101 100 104105 1 O dlatch $ element under test 
x4104 107 888 0 d2load S$ test load 

x5105 108 888 0 d2load $ test load 

* measurement parameters 


* next two lines are used for dc transfer analysis 
* de vin 0.00 0.63 0.001 
* probe de out/in=v(104,0) 


* next two lines are used for transient analysis 
.probe din=v(101) clk=v(100) q=v(104) qnot=v(105) 
probe tran p(vds) p(vioad) power 


* next 8 lines calculate vmax vmin trise tfall and tdelay :transient analysis 
meas tran vmax max v(104) from=2ns to=24ns 

meas tran vmin min v(104) from=2ns to=24ns 

meas tran tphi trig v(100) val='(vmax-vmin)*.5' td=2ns 

+ rise=1 targ v(104) val='(vmax-vmin)*.5' td=2ns fall=1 

meas tran tplh trig v(100) val='(vmax-vmin)*.5' td=2ns 

+ rise=1 targ v(105) val=(vmax-vmin)*.5’ td=2ns rise=1 

meas tran trise trig v(105) val='vmin+0.!*vmax' td=2ns 

+ rise=1 targ v(105) val='0.9*vmax' rise=1 

meas tran tfall trig v(104) val='0.9*vmax' td=2ns 

+ fall=1 targ v(104) val='vmin+0.1*vmax' fall=1 

meas tran tdelay trig v(100) val=.2835 td=20nr rise=1 

+ — targ v(104) val=.2835 td=20ns fall=1 

.tran SOps 24ns 

.options scale=1e-06 brief=0 nopage measout post probe 

end 

** hepice file created for circuit dlatch: transient&power @ 25.0c 
***e** circuit name directory 

REE KH 


circuit number to circuit name directory 


number circuitname definition multiplier 
0 main circuit 
1 x3. diatch 1.00 
2x4, d2load 1.00 
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3x5. d2load =:1.00 


4 x3.x0. d2nand 1.00 
5 x3.x1. diny 1.00 
6 x3.x2. d2nand = 1.00 
7 x3.x3. d2nand 1.00 
8 x3.x4. d2nand 1.00 
9 x4.x0. dinv 1.00 
10 x4.x1, dinv 1.00 
11 x5.x0. dinv 1.00 
12 x5.x1. dinv 1.00 

Opening plot unit= 15 

file=dlatch1.pa0 


** hspice file created for circuit dlatch: transient&power @ 25.0c 
****** Operating point information tnom= 25.000 temp= 25.000 
MERRRE 
***** Operating point status is voltage simulation time is 0. 

node =voltage node =voltage node =voltage 


+0:1 = 2.0000 0:100 = 63.0000m 0:10! = 63.0000m 
+0:104 = 632.6195m 0:105 = 78.6713m 0:107 = 53.5871m 
+0:108 = 1.9798 0:888 = 2.0000 1:7. =622.5037m 
41:3 = 12482 1:9 =678.4738m 2:5 = 53.5871m 
+3:55 = 1.9798 4:6 = 73.6471m 6:6 = 8.6084m 
+7:6 =641.3001m 8:6 = 48.5086m 


Opening plot unit= 16 
file=dlatch1.tr0 


** hspice file created for circuit dlatch: transient&power @ 25.0c 
****** transient analysis tnom= 25.000 temp= 25.000 
RERKEK 
vmax = 6.3262E-01 at= 2.0175E-08 

fram= 2.0000E-09 to= 2.4000E-08 
vmin = 49117E-02 at= 1.2700E-08 

from= 2.0000E-09 to= 2.4000E-08 
tphi = 6.1047E-10 targ= 4.8508E-09 trig= 4.2403E-09 
tplh = 2.2097E-10 targ= 4.4613E-09 trig= 4.2403E-09 
trise = 5,3429E-10 targ= 4.8861E-09 trig= 4.3518E-09 


tdelay = 6.1734E-10 tang= 2.1656E-08 trig= 2.1039E-08 
***** job concluded 
total cpu time 19.75 seconds 


job started at 7:17:20 27-jan93 
jobended at 7:18: 2 27-jan93 
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Tam done with dlatch1 sp 
Wed Jan 27 07:18:04 PST 1993 


H. Listing File for DELAY Transient Analysis @ 25.0C 


Using: /tools3/cad/meta/h9007/sun4. I /hspice 

lic: license granted by the license server for hspice 

lic: from permit file: /tools3/cad/meta/h9007 /permit.hsp 

reading install configuration file: /tools3/cad/meta/h9007 /meta.cfg, 

setting user memory from environment var to 250000 words. ( 2000000 bytes) 


xaetee hspice 007d 11: 1:31 30-jan93 sun 

** hspice file created for circuit delay: transient&power @ 25.0c 
****** copyright 1990 meta-software.inc. *****site: 

RERCEK input listing 

RRAKKA 

* hspice.ini 

** technology: edgaas 

** standard 16-to-1 ratio of pull-down-to-pullup is used 
FREREKAAKKREKAKEARAARAKEAKAHEAKEKAKSEKRKKAKRKARAAKEEKERKEARAEKEKE 
EMRAAKAKAKEAKKAKKKAKEEKAEAKEAEKAKAEKKAREKREKRKAKEREERAKKAKEEKKE 
* subcircuit delay generates delayed clock pulse 

* input output power ground 

subcktdelay 1 2 3 4 

* ina inb out power ground subname 


x0 1 9 3 4 Obdinv 

xl 9 6 3 4 bdinv 

x2 | 6 2 #3 £4 = bsland : 

.ends delay — 


EREEKEAAERKAERERRAKKASELARAKEAKEKEKREREKKHKEREREAKASEE REE 
EEREKAERAAK EERE RARE EEK ERE NAA AEH CEA ERE RAKE ARERR EK 


* subcircuit sbfi 2-input nor 

* ina inb output power ground 
subcktbs2mor 1 2 3 4 5 
*dgs 

j08 15 0 jfet04 1=1.2 w=180.0 

j1 825 0 jfet04 l=1.2 w=180.0 
j2488 0 jfetl6 I=1.2 w=10.0 
53.483 0 jfet04 l=1.2 w=224.0 
J4325 0 jfet04 l=1.2 w=224.0 

j53 15 0 jfet04 l=1.2 w=224.0 
ends bs2nor 


ERELRKEKRKEKARKREKRKKSKCAAEEKKAERAKAARAKEREKREERAEREKAKREKERE 
EERE ERAERELKAAEEKKEKRERREEAEKRKEREKEKERKAREKKE 
* subcircuit defi-sbfi 2- input and 

7 ina inb output power ground 

subckt bs2and 1 2 3 4 5 

* ina inb out pwr gad subname 

x0 | 9 4 5S bdinv Sdcfi gate 

x12 6 4 5 bdinv Sdcfi gate 

x29 6 3 4 5 bs2nor $sbfi gate 
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ends bs2and 


REKKARERAAKRERBAKCAKEKRARSEKESARELAEERAREAREKHSERERLERERTAEREEE 
RAERKREREKEEKARKAEREKARAREAAKKESERKERSAERARKERERERAAEREREEERE 
* hspice dcfl inverter subcircuit 

* input, output, power, ground 

subcktbdinv | 2 3 4 

*dgsb 

j03 22 4 jfet20 l=3.0 w=40.0 

jl 2144 jfet04 l=1.2 w=240.0 

ends bdinv 


REKREERAERERKEK KEKE CAERERAKE EERE EKEREAERLERSERAEREKE HEE ERE 
MAK HEREKMHEKKSEEKERKKK EAA RAK AREREREREAELERSEREERKKE RAH H 
* subcircuit sbfi inverter 

* input, output, power, ground 

subcktsinv 1 2 3 4 

*dgs 

jO9 14 0 jfec04 l=1.2 w=48.0 

j1399 0 jfetl6 l=1.2 w=3.0 

j2392 0 jfet04 1=1.2 w=48.0 

j3 2 14 0 jfet04 1=1.2 w=48.0 


ends sinv 
RRKKKKKKCKKKAKEEAKKAEAAAEAKAERAETAKEKKEKAKKKEREEEKRKEREREARAREEE 


HH RR AMR KEK ERA RAHA KAA EAE EARS EERE EEK 


* hspice sbfl standard load subcircuit 

* input, output, power, ground 

subckt s10load 1 2 3 4 

x0 15 34sinv 

x1 12 34sinv 

x2 16 34sinv 

x3 17 34sinv 

x418 34sinv 

x5 19 34sinv 

x6 1103 4 sinv 

x7 11134 sinv 

x8 11234 sinv 

x9 1133 4sinv 

ends slQload 

ME EH HE He RE Me AEE He AHH Ne HC HC HA EE EKA REAM ER EAE KAAS 
eR EAKRKERE hspice version CRREKKKKK 

* include vitesse hgaas3 models and parameters for hspice. 
EKKEKKAKRAMKEREKKKKKAAKKAEAKEKAKKKAKEKRKKEKAREKERAKKKERKKEKEKKH 
* power supplies 

vds 1 Ode 2.0v Selemert under test power supnly 
vload 888 Ode 2.0v §$ test load power supply 


* temperature card 
* temp 85.0 


* signal inputs 


* next line is for dc transfer analysis 
*vin 999 0 
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& * next line is used to provide the test signal input for transient analysis 
va0) 100 0 pulse(0.063 0.63 4200ps 100ps 100ps 4000ps 8400ps) 


* main circuit 
x3 100104 1 Odelay S$ element under test 
x4 104 107 888 OslOload $ test load 


* measurement parameters 


* next two lines are used for de transfer analysis 
* dc vin 0.00 0.63 0.001 
* probe dc out/in=v(104,0) 


* next two lines are used for transient analysis 
-probe input=v(100) output=v(104) 
.probe tran p(vds) p(vload) power 


* next 8 lines will calculate vmax vmin trise fall and tdelay :transient analy 
s 

meas tran vmax max v(104) from=2ns to=20ns 

<meas tran vmin min v(104) from=2ns to=20ns 

meas tran tphi trig v(100) val='(vmax-vmin)*.5' td=2ns 

+ rise=1 tang v(104) val="(vmax-vmin)*.5' td=2ns rise=1 

«meas tran tplh trig v(100) val="(vmax-vmin)*.5' td=2ns 

+ fall=1 targ v(104) val="(vmax-vmin)*.5' td=2ns fall=1 

meas tran trise trig v(104) val="vmin+0.1*vmax' td=2ns 

+ rise=1 targ v(104) val='0.9*vmax' rise=1 

meas tran tfall trig v(104) val='0.9*vmax' td=2ns 

+ fall=2 targ v(104) val='vmin+0. 1 *vmax' fall=2 

meas tran tdelay trig v(100) val=.2835 td=2ns rise=1 

+ targ v(104) val=.2835 rise=1 

.tran 50ps 20ns 

.options scak=1e-06 brief=0 nopage measout post probe 

end 

** hspice file created for circuit del: y: transient&power @ 25.ac 
****** circuit name directory 


ELLE | 

circuit number to circuit name directory 

number circuitname definition multiplier 
O main circuit 
1 x3. delay 1.00 
2x4. slOload 1.00 
3 x3.x0. bdinv 1.00 
4x3.x1. bdinv 1.00 
5 x3.x2. bs2and =e 11.00 
6 x4.x0. Sinv 1.00 
7 x4x1. sinv 1.60 
8 x4.x2. sinv 1.00 
9 x4.x3. sinv ..00 
10 x4.x4. sinv 1.00 











I x4.x5. sinv 1.00 


12 x4.x6. sinv 1.00 & 
13 x4.x7. sinv 1.00 
14 x4.x8, sinv 1.00 
15 x4.x9. sinv 1.00 
16 x3.x2.x0. bdinv 1.00 
17 x3.x2.x1. bdinv 1.00 
18 x3.x2.x2. bs2nor 1.00 
Opening plot unit= 15 
file=delay | .pa0 


** hspice file created for circuit delay: transient&power @ 25.0c 
*#4%#* operating point information tmom= 25.000 temp= 25.000 
KA BH 
***** operating point status is voltage simulation time is 0. 

node =voltage node =voltage node =voltage 


+0:1 = 2.0000 0:100 = 63.0000m 0:104 = 7.0515m 
+0:107 = 1.7620 0:888 = 2.0000 16 = 33.9777m 
41:9 =636.1803m 2:5 = 1.7620 2:6 = 1.7620 
42:7 = 1.7620 2:8 = 1.7620 2:9 = 1.7620 
42:10 = 1.7620 2:11 = 1.7620 2:12 = 1.7620 
$2:13 = 1.7620 56 =613.1155m 5:9 =612.9554m 
+69 = 19945 7:99 = 19945 8:9 = 1.9945 
+99 = 19945109 = 19945 11:9 = 1.9945 
4129 = 1.99465 13:9 = 1.9945 14:9 = 1.9945 
+415:9 = 19945 18:8 = 26.8679m ae 
Opening plot unit= 16 
file=delay 1.00 
** hspice file created for circuit delay: transient&power @ 25.0c 
****** transient analysis tnom= 25,000 temp= 25.000 
RE BERK 
vmax = 6.6232E-01 at= 1.6800E-08 

from= 2.0000E-09 to= 2.0000E-08 
vmin = -1.8424E-02 at= 4.5000E-09 

from= 2.0000E-09 to= 2.0000E-08 
tphl = 4.3145E-10 targ= 4.6804E-09 trig= 4.2489E-09 
tplh = 3.4595E-10 targ= 8.6970E-09 trig= 8.3511E-09 
trise = 2.5538E-10 targ= 4.8088E-09 trig= 4.5535E-09 
tfall = 3.0072E-10 iarg= 1.7273E-08 trig= 1.6972E-08 
tdelay = 4.1530E-10 targ= 4.6542E-09 trig= 4.2389E-09 

***4%* job concluded 


total cpu time 30.94 seconds 
job started at 11: 1:31 30-jan93 
jobended at 11: 2:37 30-jan93 
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Tam done with delay! .sp 
Sat Jan 50 11:02:38 PST 1993 


I. _ Listing File for LVL Transient Analysis @ 25.0C 


Using: /Aools3/cad/meta/h9007 /sun4. i /hspice 

lic: license granted by the license server for hspice 

lic: from permit file: /ools3/cad/meta/b9007 /peimit hsp 

reading install config. ation file: /tools3/cad/meta/h9007 /meta.cfg 

setting user memory from environment var to 250000 words. ( 2000000 bytes) 


weeee® hspice 9007d 22:40:59 30-jan93 sun 

** hspice file created for circuit lvl: transient&power @ 25.0c 

****** copyright 1990 meta-software,inc. *****site: 

*aeee% input listing 

REKREK 

* hspice.ini 

** technology: edgaas 

** standard 16-to-1 ratio of pull-down-to-pullup is used 
REREKKRKAAERKEKRKERHERSESEREKKREEEKSAERERREKRERAKAGHKASKESESKERES 
KEKECEKKEEKSEKTETCASRKEKAKERSEKLTAAKARRRARKSKSEKRKAKREKAKEEREKKE 


* subcircuit level-shifter to drive dfets 
* use aspice diode models for backconnected mesfets | 


* input output vds vss 
Subcktivi 1 2 3 4 


* dgis b : 

x0 1 25 3 0 dinv _ 
jl 3 25 6 4 jfet04 l=1.2 w=20.0 

j2 7 € 7 4 diol6 l=1.2 w=4.0 

3 74 4 4 «=jfet20 l=3.0 w=3.0 

M39 9 4 = jfetl6 l=1.2 w=3.0 

js 97 O 4  ffetl6 l=1.2 w=10.0 

j6 3 9 10 4 jfetl6 l=1.2 w=20.0 

j7 11:10 11 4 diol6 1.2 w=200 


j8 2 11 2 4 diol6 l=1.2 w=20.0 
j9 24 4 4° jfetl6 l=1.2 w=12.0 
jl0 122 12 4 diol6 1l=1.2 w=10.0 
jill 13:12) 13 4 diol6 J=1.2 w=10.0 
jl2 1413) 14 4 diol6 t=1.2 w=10.0 
jyi3 4 14 4 «4 «diol6 i=1.2 w=10.0 
ends lvl 


EREEKEKEAKEKRERRERAAREREKERARERAEREEEREEAERERAERAERER EK 





KEKEKEKAEAEEAEEAKEKKEREEKERKAEAREEEERAECKARRRE EERE RREREREREE 
* hspice dcfl inverter subcircuit 

* input, output, power, ground 

subcktdinv ' 2 3 4 

*dgsb 

jO0322 4 jfetl6 l=1.2 w=6.0 

jl2 14 4 jfet04 I=1.2 w=96.0 
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ends dinv 
ERAEKSEKECKKSERARECKEKRKKSE KARE CKAKATESEES EKER KEAEKEKERE ERE ES 
* hspice d mesfet load subrircnit 

* input, power, ground 

subcktdmiOload 1 3 4 

jO3 144 jfetl6 1=1.2 w= 10.0 

jl 3144 jfetl6 l=1.2 w= 10.0 

j23 144 jfetié l=1.2 w= 10.0 

j3 3 144 jfeti6 l=1.2 w= 10.0 

j43 144 jfeti6 l=1.2 w= 10.0 

j53144 jfeth6 i=1.2 w= 10.0 

j63 144 ffeti6 l=1.2 w= 10.0 

j73 144 jfetl6 1l=1.2 w= 10.0 

j8 3144 jfeti6 l=1.2 w= 10.0 

j93 14 4 ffetl6 l=1.2 w= 10.0 

ends dm!0Oload 
EKEKKEKKAEKAAKAESRREAKERARERERAEKAERRESEARKEREEAREKEEREEKEREE 
KERB HHK hspice version RRKKKEEEK 

* include vitesse hgaas3 models and parameters for hspice. 
EREKKREARKAKESECAEEAEARAREREEEKERRECKKKKSAEASEEEKERERSEAKEER 
* power supplies 

vds 1 Ode 2.0v $ element under test power supply 

vss 7770 dc -2.5v $ test load negative power supply 

vioad 888 0 dc 2.0v $ test load positive power supply 


* temperature card 
* temp 85.0 


* signal inputs 
* next line is for de transfer analysis 
*vin 999 0 


* next line is used to provide the test signal input for transient analysis 
va0 100 0 pulse(0.063 0.63 4200ps 100ps 100ps 4000ps 8400ps) 


* main circuit 

x0 100 104 1 777 Ii $ element under test 
x1 104 888 0 dmlOload S$ test load 

* measurement parameters 


* next two lines are used for de transfer analysis 
*.dc vin 0.00 0.63 0.001 
* probe dc out/in=v(104.0) 


* next two lines are used for transient analysis 

.probe input=v( 100) output=v(104) 

.probe tran p(vds) p(vss) p(vioad) power 

* next 8 lines will calculate vmax vmin trise tfall and tdelay :transient analy 


s 
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meas tran vimax max v(100) from=2ns to=20ns $ vmax input 
meas tran vimin min v(100) from=2ns to=20ns $ vmin input 
meas tran vmax max v(104) from=2ns to=20ns 
meas tran vmin min v(104) from=2ns to=20ns 
meas tran tphl trig v(100) val="(vimax-vimin)*.5‘ td=2ns 
+ rise=1 targ v(104) val='(vmax+vmin)*.5' td=2ns rise=1 
meas tran tplh trig v(100) val='(vimax-vimin)*.5' td=2ns 
+ fall=1 tang v(104) val="(vmax+vmin)*.5' td=2ns fall=1 
-meas tran trise trig v(104) val="vmin+0.1*vmax’ td=2ns 
+ rise=! targ v(104) val='0.9*vmax' rise=1 
meas tran tfall trig v(104) val='0.9*vmax' td=2ns 
+ fall=2 targ v(104) val='vmin+0.1*vmax' fall=2 
-meas tran tdelay trig v(100) val=.2835 td=2ns rise=1 
+ tang v(104) val=-.6000 rise=1 
tran SOps 20ns 
.options scale=le-06 brief=0 nopage measout post probe 
end 
** hspice file created for circuit Ivl: transient&power @ 25.0c 
*eee%* circuit name directory 
RERREK 
circuit number to circuit name directory 
number circuitname definition multiplier 
O main circuit 
1 x0. lvl 1.00 
2xi. dmlOload 1.00 
3 x0.x0. dinv 1.00 
Opening plot unit= 15 
file=lv11.pa0 


** hspice file created for circuit lvl: transient&power @ 25.0c 
*#4**%* Operating point information tnom= 25.000 temp= 25.000 
REE 
***** operating point status is voltage simulationtimeis 0. 

node =voltage node =voltage node =voltage 


+0:1 = 2.0000 0:100 = 63.0000m0:104 = -1.24@22 
+0:777 = -2.5000 0:888 = 2.0000 1:6 = 1.3537 
+1:7 = 649.2362m 1:9 = 76.9851m 1:10 =230.9228m 
41:11 =-504.6211m 1:12) = -1.5551 1:13 = -1.8701 
+1:14 = -2.1850 1:25 = 1.9636 


Opening plot unit= 16 
file=lv11.t0 


** hspice file created for circuit lv]: transient&power @ 25.0c 
**e** transient analysis tnom= 25.000 temp= 25.000 


RENEE 


vimax = 6.3000E-01 at= 4.3000E-09 


from= 2.0000E-09 to= 2.0000E-08 
vimin = 6,3000E-02 at= 2.0000E-09 

fram= 2.0000E-09 to= 2.0000E-08 
vmax = 1.0646E-01 at= 8.3500E-09 

from= 2.0000E-09 to= 2.0000E-08 
vmin =-1.2A03E+00 at= 1.7199E-08 

from= 2.0000E-09 to= 2,0000E-08 
tphl = 2,9870E-10 targ= 4.5376E-09 trig= 4.2389E-09 
tplh = 1.2030E-10 targ= 8.4814E-09 tig= 8.3611E-09 
trise = 5.1389E-10 targ= 4.7920E-09 wig= 4.2781E-09 
tfall = 2.4363E-10 targ= 1.7003E-08 trig= 1.6760E-08 
tdelay = 2.9262E-10 targ= 4.5315E-09 trig= 4.2389E-09 


***** job concluded 

total cpu time 18.46 seconds 
job started at 22:40:59 30-jan93 
jobended at 22:41:40 30-jan93 


I am done with Ivil.sp 
Sat Jan 30 22:41:41 PST 1993 


J. _ Listing File for CLOCK Transient Analysis @ 25.0C 


Using: /tools3/cad/meta/h9007 /sun4. 1 /hspice 

lic: license granted by the license server for hspice 

lic: from permit file: /tools3/cad/meta/h9007 /permit. hsp 

reading install configuration file: /tools3/cad/meta/h9007 jmeta.cfg : 
setting user memory from environment var to 250000 words. ( 2000000 bytes) 


weeeee ohspice 9007d 19:53:59 2-feb93 sun 

** hspice file created for circuit clock: transient&power @ 25.0c 
****** copyright 1990 meta-software.inc. *****site: 

RRERKK input listing 

CREEK 

* hspice.ini 

** technology: edgaas 
** standard 16-to-1 ratio of pull-down-to-pullup is used 
KREREKERKAEEKEERREKAERAKRRAKRHCAKRERASSEBEEARAEKAKARERASARASEH 
RREKAEKREAKEARKEEKERSEKKKKAARAKERLREREAKEREKAKERKERS > KKEKERE 
* hspice defi inverter subcircuit 
* input, output, power, ground 
subcktbdinv 1 2 3 4 
*dgsb 
j03 22 4 jfet20 1=3.0 w=40.0 
jl 2144 jfetO4 1=1.2 w=240.0 
ends bdinv 
BEREREKEREKKRERAKAKRERERKEEKEAERERERRETEERRERSERRARERRREREE 
* subcircuit sbfl 2-input nor 


* ina inb output power ground 
subcktbs2nor 1 2 3 #4 5 











oe oe 





*dgs 

j0 8 15 0 jfet04 l= 1.2 w=180.0 

j1 825 0 jfer04 l=1.2 w=180.0 

j248 8 0 jfetl6 i=1.2 w=10.0 

j3 483 0 jfet04 [=1.2 w=224.0 

44325 0 jfet04 l=1.2 w=224.0 

j53 15 0 jfet04 l=1.2 w=224.0 

ends bs2nor 
EREKKERSECKKEKEKCKREKKERKSKAESAKSEKAKERAAASEKE RARER SESE YSSEEAKES 
* subcircuit sbfl 2- input and 

* ina inb output power ground 
subckt bs2and 1 2 3 #4 5 

* ina inb out pwr gnd subname 

x0 1 9 4 5 bdinv 

xi 2 6 4 5 bdinv 

x29 6 3 4 5 bs2nor 

ends bs2and 


PRARAEKKABAEREKSEEAAEESKLHKEHEKRERERERAAEKEEKEAREKREREREKEEEKESE 
SEVAERKAERERKKERHEKAREAREBEKSEREEERHAAEREERAAREREKE ERASER 
* subckt hspice sbfi large 2-input nor 

- ina inb output power ground 

subcktcsnor 1 2 3 4 5 

*dgsb 

j08 15 0 jfet04 I=1.2 w=144.0 

j1 825 0 jfet04 I=1.2 w=144.0 

j248 8 0 jfetl6 l=1.2 w= 9.0 

j3 483 0 jfet04 1=1.2 w=144.0 

J4325 0 jfet04 I= 1.2 w=144.0 

j53 15 0 jfet04 I=1.2 w=144.0 

ends csnor 
RREERKKRKKKEEKEAAERAERREAKERAHKEKRERESLEARERAAKEAKEKRAREHEKEREE 
* hspice sbfl extra-large driver-inverter subcircuit 

™ input, output, power, ground 

Subcktssinv 1 2 3 4 

* dgsb 

jO9 140 jfet04 1=1.2 w=768.0 

j1 399 0 jfeti6 l=1.2 w= 48.0 

j2 392 0 jfet04 I=1.2 w=768.0 

j3 214 0 jfet04 l=1.2 w=768.0 

.ends ssinv 
RERRRAAERKEKKARERERARERAKERAERAKERREEREEKELERERAREAERKREL 
* hspice sbfl large driver-inverter subcircuit 

= input, output, power, ground 

subcktcsinv 1 2 3 4 

*dgsb 

j09 1 4 0 jfet04 1=1.2 w=256.0 

j1399 0 jfetl6 l=1.2 w= 16.0 

j23 92 0 jfet04 1<1.2 w=384.0 

j3 2 14 0 jfetO4 I=1.2 w=384.0 


ends csinv 
SREKEAAAERKEAEREAKEREAEAEEKAEARREREARRREREREESARKARECEREK 
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* input output power ground 
subcktdelay 1 2 3 4 
* ina inb out power ground subname 


* subcircuit delay generates fee d @ 


x0 1 9 3 4 Odbdinv 
xl 9 6 3 4 bdinv 
x2 1 6 2 3 4 = Obs2and 
ends delay 


RRKAKEKAEEKAKAKEKKSEKSKAKERRAAEKAAREKAKEKKEKFKARERASEEKAESEEE 
* subcircuit for hspice two-phase sbfl clock 

* inclk ph! ph2 ph2d ph1! ph2Id power! power2 ground 
subcktclok 123 45 67 8 9 

* ina inb out pwr gnd subname 

x0 1 2 107 9 csnor 

x1 10 117 9 ssinv 

x2 11 3 7 9 ssinv 

x3 123 137 9 csnor 

x413. 147 9 ssinv 

x5 14 27 9 ssin 


x6 1 127 9 csinv 
x73 479 delay 
x82 57 8 NI 
x94 #67 8 Wl 
ends clock 


REEKKKKSEKRAKKAKAKKAKRKEKAAKKARAKAKREAKKAKASAEAKAAAKRAAEKAKEKRKALAEKEE 
RERKEAKERE ERE RAKE CHER KAREREAKKKAEAALEAEKEKAERERRERKEEKE SS 

* subcircuit level-shifter to drive dfets 

* use hspice diode models for backconnected mesfets 

* input output vds vss 

subcktlvi 1 2 3 4 


* dgis b 

x0 1 25 3 0 dinv 

jl 3 25 6 4 jfet04 l=1.2 w=20.0 
j2 76 7 4 diol6 l=1.2 w=4.0 
374 #4 4 « jfet20 =3.0 w=3.0 
j4 39 9 4 jfetlé l=1.2 w=3.0 
js 9 7 O 4 jfetl6 l=1.2 w=10.0 
j6 3 9 10 4  jfetl61l=1.2 w=20.0 
j7 1110 11 4 diol6 1=1.2 w=20.0 
j8 2 11 2 4 diol6 1=1.2 w=20.0 
j9 24 4 4 = jfetl6 l=1.2 w=12.0 


jlO 122 12 4 diol6 t=1.2 w=10.0 
jll 13:12 13 4 diol6 1=1.2 w=10.0 
jl2 14:13 14 4 diol6 l=1.2 w=10.0 
ji3 4 14 4 4 diol6 l=12 w=100 
ends lvl 


REEEEKEEKEREEAREREERERERERAAERALERESAEERERERERERERESERES 


FRRERALEREEREREEARRKEREERKEEKERERARREREREREAAREREREREERARERE 
* hspice defi inverter subcircuit 


7 input, output, power, ground 
subcktdinv 1 2 3 4 





* dgsb 

j0322 4 jfetl6 l=1.2 w=6.0 

jl 2144 jfet04 l=1.2 w=96.0 
ends dinv 

RKRRMABEAERHRR AKER SRKEKAKESEKESRARARKERESAEBEEAEKSEKERES SE 
* hspice d mesfet load subcircuit 
* input, power, ground 
subcktdmlQload 1 3 4 
jO3 14 4 jfetl6 I=1.2 w= 10.0 
jl3 14 4 jfetl6 l=1.2 w= 10.0 
j23 144 jfetl6 I= 1.2 w= 10.0 
j33 144 jfetl6 l=1.2 w= 10.0 
j4 3:14 4 jfetl6 1=1.2 w= 10.0 
j5 3144 jfetl6 1=1.2 w= 10.0 
j63 14 4 jfetl6 l=1.2 w= 10.0 
j73144 ffetl6 1=1.2 w= 10.0 
j83 144 jfeti6 l=1.2 w= 10.0 
j93 14 4 jfeti6 1=1.2 w= 10.0 
ends dm!0load 


SERRA EKKEKREREKRKEEEREKREKEAAEKAAERRAKEE EKESEREARKERRR EAE 
BRERA REEMA ERARHEUEAEEKRARKSERAKAREKKEECKAKRRERERARREREREEK KEKE EK 

* subcircuit sbfi inverter 

bs input, output, power, ground 

subcktsinv 1 2 3 4 

*dgs 

jO9 14.0 jfet04 1=1.2 w=48.0 

j1399 0 jfetl6 l=1.2 w=3.0 

j2 392 0 jietO4 1=1.2 w=48.0 

j3 2140 jfet04 1=1.2 w=48.0 

ends sinv 
RERKEKKERAERKEEAELERKKREKEKKAAREKESRARRESEEKESEAREAAERESERE 
HEREKREEAAKERKKEAEAKEKEKAKAKAERKERKREREKEREKEKSESESERRKEKEKAREKAEES 
* hspice sbfl standard load subcircuit 

* input, output, power, ground 

sSubcktsi0load 1 2 3 4 

x015 34sinv 

x112 34sinv 

x2 16 34sinv 

x317 34sinv 

x418 34sinv 

x5 19 34sinv 

x6 1103 4 sinv 

x7 11134sinv 

x8 11234 sinv 

x9 1133 4 sinv 

ends siQload 

HERES RAKKE EEK EESEARESAREAAEKRESERRAEKAEARKEEERERSEEEAKSEEEE 
& EKKEREE hspice version EEKKEEKEE 

* include vitesse hgaas3 models and parameters for hspice. 


ERREEREEKERAKRAEKERAAEAKAEERESEERERERERAAERAERAERREREERAERRSE 


* power supplies 
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vss 777 0 dc -2.5v $ test load negative power supply 


vds | Ode 2.0v $ element under test power supply @ 
vload 888 0 de 2.0v § test load positive power supply 


* temperature card 
* temp 85.0 


* signal inputs 
* next line is for de transfer analysis 
*vin 999 0 


* next line is used to provide the test signal input for transient analysis 
va0 100 0 pulse(0.063 0.63 4200ps 100ps 100ps 4000ps 8400ps) 


* main circuit 

x0 100 104 105 106 107 108 1 777 Oclock S$ element under test 
xl 104 120 888  OslOload S$ test load 

x2 105 121 888 OslOload Stest load 

x3 106 122 888 OslOload $test load 

x4 107 888 OdmlOload $ test load 

x5 108 888 Odml0Oload $ test load 

* measurement parameters 


* next two lines are used for de transfer analysis 
*.dc vin 0.00 0.63 0.001 
* probe dc out/in=v(104,0) 


* next two lines are used for transient analysis 

.probe inclk=v(100) ph1=v(104) ph2=v(105) ph2d=v(106) ph 11=v(107) 
+ ph2id=v(108) 

.probe tran p(vds) p(vss) p(vload) power 

measure tran avgpwr avg p(vds) from 0.0ns to 20ns 

* next 8 lines will calculate vmax vmin trise tfall and tdelay :transient analy 
s 

meas tran vimax max v(100) from=2ns to=20ns $ vmax input 

meas tran vimin min v(100) from=2ns to=20ns $ vmin input 

Meas tran vmax max v(104) from=2ns to=20ns 

meas tran vmin min v(104) from=2ns to=20ns 

* next line is adjustment necessary to facilitate measuring tfall. if 

* ymin is used in tfall calc, then the tfall calculation fails as the is a larg 
e 

* all on to all off and this skews the targ parameter. notice that 

* ymin2 is used only in the tfall calculation line. 

«meas tran vmin2 find v(104) at=1 Ins 

-meas tran tph! trig v(100) val='(vimax-vimin)*.5' td=2ns 

+ rise=1 targ v(104) val="(vmax+vmin)*.5' td=2ns rise=1 

meas tran tplh trig v(100) val="(vimax-vimin)*.5' td=2ns 

+ fall=1 targ v(104) val="(vmax+vmin)*.5' td=2ns fall=1 

meas tran trise trig v(104) val="vmin+0.1*vmax’ td=2ns 

+ rise=1 targ v(104) val='0.9*vmax' rise=1 
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-meas tran tfall trig v(104) val='0.9*vmax' td=!6ns 

+ fall=1 targ v(104) val='vmin2+0.1*vmax' fall=1 

«meas tran tdelay trig v(100) val=0.2835 td=2ns rise=1 

+ — targ v(104) val=0.2835 _rise=1 

.tran 550ps 20ns 

.options scale=le-06 brief=0 nopage measout post probe 

end 

** hspice file created for circuit clock: transient&power @ 25.0c 
**4**"* circuit name directory 

RRR 


circuit number to circuit name directory 


number circuitmame definition multiplier 

O main circuit 

1 x0. clock 1.00 
2x. sl0load 1.00 
3 x2. sl0load 1.00 
4x3. sl0load 1.00 
5 x4. dmiQload 1.00 
6x5. dmiQload 1.00 
7 x0.x0. cspor 1.00 
8 x0.x1. ssinv 1.00 
9 x0.x2. ssinv 1.00 
10 x0.x3. csnor 1,00 
11 x0.x4. ssinv 1.00 
12 x0.x5. ssinv 1.00 
13 x0.x6 csinv 1.00 
14 x0.x7. delay 1.00 
15 x0.x8. lvl 1,00 
16 x0.x9. lvl 1.00 
17 x1.x0. sinv 1.00 
18 x1.xl. sinv 1.00 
19 x1.x2. sinv 1.00 
20 x1.x3. sinv 1.00 
21 x1.x4. sinv 1.00 
22 x1.x5. sinv 1.00 
23 x1.x6. sinv 1.00 
24 xL.x7. sinv 1.00 
25 xi.x8. sinv 1.00 
26 xi.x9. sinv 1.00 
27 x2.x0. sinv 1.00 
28 x2.x1. sinv 1.00 
29 x2.x2. Sinv 1.00 
30 x2.x3. sinv 1.00 
31 x2.x4. Sinv 1.00 
32 x2.x5. sinv 1.00 
33 x2.x6. sinv 1.00 
34 x2.x7. sinv 1.00 
35 x2.x8. sinv 1.00 
36 x2.x9, sinv 1,00 
37 x3.x0. sinv 1.00 
38 x3.x1. sinv 1.00 
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39 x3.x2. sinv 1.00 


40 x3.x3. Sinv 1.00 @ 
41 x3.x4. sinv 1.00 
42 x3.x5. sinv 1.00 
43 x3.x6. Sinv 1.00 
44 x3.x7. sinv 1.00 
45 x3.x8. sinv 1.00 
46 x3.x9. sinv 1.00 
47 x0.x7.x0. bdinv 1.00 
48 x0.x7.x1. bdinv 1.00 
49 x0.x7.x2. bs2and =—s:1.00 
50 x0.x8.x0. dinv 1.00 
51 x0.x9.x0. dinv 1.00 
52 x0.x7.x2.x0. bdinv 1.00 
53 x0.x7.x2.x1. bdinv 1.00 
54 x0.x7.x2.x2. bs2nor 1.00 
Opening plot unit= 15 
file=clock1.pa0 


** hspice file created for circuit clock: transient&power @ 25.0c 
****** Operating point information tnom= 25.000 temp= 25.000 
RREKEK 
***** operating point status is voltage simulationtimeis 0. 

node =voltage node =voltage node =voltage 


+0:1 = 2.0000 0:100 = 63.0000m 0:104 = 31.9774m 

+0:105 = 688.8112m 0:106 =658.8150m 0:107 = -1.2402 eae 
+0:108 = 104.5431m 0:120 = 1.7422 0:121 = 30.1523m 

+0:122 = 18.2371m 0:777' = -2.5000 0:888 = 2.0000 

+1:10 = 633.6943m 1:11 = 11.3673m 1:12 =724.8418m 


41:13) = 41.8449m 1:14 =692.6584m 2:5 = 1.7422 
+#2:}6 = 1.7422 2:7 = 1.7422 2:38 = 1.7422 

42:9 = 1.7422 2:10 = 1.7422 2:11 = 1.7422 
+2312 = 1.7422 2:13 = 1.7422 3:5 = 30.1523m 
+3:6 = 30.1523m 3:7 = 30.1523m 3:8 = 30.1523m 
+3:9 = 30.1523m 3:10 = 30.1523m 3:11 = 30.1523m 
+3:112 = 30,1523m 3:13 = 30.1523m 4:5 = 18.2371m 
+46 = 18.2371m 4:7 = 18.2371m 4:8 = 18.2371m 
+49 9 = 18.2371m 4:10 = 18.2371m 4:11 = 18.2371m 
44:12) = 18.2371m 4:13 = 18.2371m 7:8 = 1.2978 
+8:9 = 53.4430m 9:9 = 1.3520 10:8 == 51.8795m 
+119 = 1.3555 12:9 = 56.8574m 13:9 = 1.3729 


+14:6 =636.3051m 14:9 = 44.0977m 15:6 = 1.3578 
+15:7 = 652.5225m 15:9 = 74.9274m 15:10 =230.8765m 


+415:11 =-504.6670m 15:12 = -1.5552 15:13 = -1.8701 
415:14 9 = -2.1851 15:25 = 1.9694 16:6 =-379.7082m 
+16:7 = -1.0722 16:9 = 1.9993 16:10 = 1.5989 
416:11 = 851.7082m 16:12 =-546.5927m 16:13. = -1.1977 
416:14 = = -1.8489 16:25 = 52.0530m 17:9 = 1.9911 
+18:9° = 1.9911 19:9 = 1.9911 20:9 = 1.9911 
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+21:9 1.9911 22:9 = 1.9911 23:9 = 19911 


+24:9 = 19911 25:9 = 1.9911 26:9 = 1.9911 

+27:9 = 55.9050m 28:9 = = 55.9050m 29:9 = 55.9050m 
+30:9 = = 55.9050m 31:9 = 55.9050m 32:9 = 55.9050m 
433:9° = 55.9050m 34:9. = 55.9050m 35:9 = 55.9050m 
+36:9 = 55.9050m 37:9 = 52.0576m 38:9 = = 52.0576m 
+39:9 = 52.0576m 40:9 = = 52.0576m 41:9 = = 52.0576m 
442:9 = 52.0576m 43:9 52.0576m 44:9 = 52.0576m 


445:9 = 52.0576m 46:9 = 52.0576m 49:6 = 33.9838m 
449:9 = 44.0977m 54:8 Ss =_—s«&1.3110 


Opening plot unit= 16 
file=clock 1 .tr0 


** hspice file created for circuit clock: transient&power @ 25.0c 
***e** transient analysis tnom= 25.000 temp= 25.000 
REESE 
avgpwr = -3.1516E-01 from= 0.0000E+00 to= 2.0000E-08 
vimax = 6.3000E-01 at= 4.3000E-09 

from= 2.0000E-09 to= 2.0000E-08 
vimin = 6.3000E-02 at= 2.0000E-09 

from= 2.0000E-09 to= 2.0000E-08 
vmax = 7.0077E-01 at= 8.6476E-09 

from= 2.0000E-09 to= 2.0000E-08 
vmin = -4.1470E-02 at= 4.8753E-09 

from= 2.0000E-09 to= 2.0000E-08 
vmin2 = 3.1978E-02 
tphi = 7.2371E-10 targ= 4.9626E-09 trig= 4.2389E-09 
tplh = 3.8966E-10 targ= 8.7508E-09 trig= 8.3611E-09 
trise = 1.4221E-10 targ= 5.0374E-09 trig= 4.8952E-09 


fall © = 7.6519E-11 targ= 1.7178E-08 wig= 1.7102E-08 
tdelay = 7.1342E-10 targ= 4,9523E-09 trig= 4.2389E-09 
#*48 job concluded 


total cpu time 138.48 seconds 
job started at 19:53:59 2-feb93 
jobended at 20: 1:17 2-feb93 


I am done with clock1.sp 
Tue Feb 2 20:01:18 PST 1993 


K. Listing File for DECODER Transient Analysis @ 25.0C 


Using: /tools3/cad/meta/h9007/sun4.1/hspice 

lic: license granted by the license server for hspice 

lic: from permit file: /tools3/cad/meta/h9007 /permit.hsp 

reading install configuration file: /tools3/cad/meta/h9007 /meta.cfg 

setting user memory from environment var to 250000 words. ( 2000000 bytes) 


re pene ee ey a SS 





xeeeee ohspice 9007d 20: 9:10 2-feb93 sun 

** hspice file created fox circuit decoder: transient&power @ 25.0c 
*xeee** Copyright 1990 meta-software.inc. *****site: 

ARK input listing 

see 

* hspice.ini 

** technology: edgaas 

** standard 16-to-1 ratio of pull-down-to-pullup is used 


CARER RRAK AK ERE AKREKA EKER KKKKKKKEEKKAKESEKAKEARAKERKERKEAE 
REKKKKKKRKEKKRERERKEKAEKKEKKKEKACARAKMAEAESKEKEREAKEREKAAK 

* subcircuit sbfi 3-input or 

* ina inb inc output power ground 

subckts3on 1 2 3 4 #5 6 

* ina inb inc out pwr gnd subname 

x0 123 7 5 6 s3nor 

xl 7 4 5 6 sinv 

ends s3or 


MM RM RE A IH HE ERE ACHAEA ERAKEAKKKRAREEKRARAAE 
REBECCA KKKKERHEKEKRREAESRAKAEKERERKEASEAKERRERRAKE 
* subcircuit sbfi 4-input and 

* ina inb inc ind output power ground 

subckt ss4and 12345 6 7 

* ina inb inc ind out pwr gnd subname 


x0 1 9 6 7 sinv 

x1 2 10 6 7 sinv 

x2 3 11 6 7 sinv 

x3 4 12 6 7 sinv Cats 
x49 10 11 12 5 6 7 s4nor 

.ends ss4and 


MRRKKREEEREEKERK EER SRERREKREEKAHKEERAEAAAAEREAKERA KKH HSH 
ERERERRERERRERARRRERERREREERE LAK GREER ERA ERERKAREK 


* subcircuit sbfl 4-input nor 

* ina inb inc ind output power ground 
subckts4nor 12345 6 7 

* dgs 


jO 8170 jfet04 I=1.2 w=48.0 
jl 82 70 jfet04 l=1.2 w=48.0 
j2 837 0 jfet04 l=1.2 w=48.0 
j3 8470 jfet04 i=1.2 w=48.0 
34 68 8 0 jfetl6 i=1.2 w=3.0 
j5 68 5 0 jfet04 l=1.2 w=48.0 
56 5170 jfet04 l=1.2 w=48.0 
j7 5270 jfet04 l=1.2 w=48.0 
j8 53 7 0 jfet04 i=1.2 w=48.0 
j9 5470 jfet04 l=1.2 w=48.0 
ends s4nor 


RARER SEEK EEE RAH EERE REEREREAAEEEK EERE CEREAKE ERE 


KKKRERAKAEEKERRAKBRAEEREEKER EERE RERESEAARERAERAEKERRREEK 
* subcircuit sbfl 3-input nor 
* ina inb inc output power ground 











subckts3ncr 1 2 3 4 #5 6 
*dgs 

j08 1 6 0 jfet04 i=1.2 w=48.0 
jl 826 0 jfet04 t= 1.2 w=48.0 
j2 8 3 6 0 jfet04 I=1.2 w=48.0 
j33 588 0 jfetlé I=1.2 w=3.0 
445 8 4 0 jfetO4 1=1.2 w=48.0 
j5 416 0 jfet04 I=1.2 w=48.0 
j6 42 6 0 jfet04 I=1.2 w=48.0 
j7 43 6 O jfet04 l=1.2 w=48.0 
.ends s3nor 


ERRRKRAKERARESAEREEKEEKREKEEEDKKEEKEEKEREREBESESEXERASREREEESE 
KEKEERERKAAKKK EERE ARH RRERKESRRAARRAKAKEAEEAKEKAKESRSCRAESK 
* subcircuit sbfl inverter 

* input, output, power, ground 

subcktsinv 1 2 3 4 

*dgs 

j09 140 jfet04 I=1.2 w=48.0 

j1399 0 jfetl6 l=1.2 w=3.0 

j2392 0 jfet4 l=1.2 w=48.0 

j32 14 0 jfet04 I=1.2 w=48.0 


ends sinv 
RERESREEBAECEAKRKAKAAKEERERKRAEAKSEAKERERAREKKEKERAERKEAEREKEK 


RERKEEKREEEAEKKERRECAARERERAREREKARAEARARERERRAEELKSERAEREREK 
* hspice dcfl inverter subcircuit 

* input, output, power, ground 

subcktdinv | 2 3 4 

*dgsb 

j0322 4 jfeti6 l=1.2 w=6.0 

jl12144 jfet04 l=1.2 w=96.0 

ends dinv 


EREEKELREERE ERE EERE REAEERERAKEREKELEERA EEE EKARERERERERE 
REAKKERKLRRAAEKEKKAKSE RAH SEKREKE CLARKE AEARAKAKEKALKAREREREERE 
* hspice sbfi standard load subcircuit 

* input, output, power, ground 

subcktsMlodd 1 2 3 4 

x0 1534 sinv 

x11234sinv 

x2 1634 sinv 

x3 1734 sinv 

ends s4load 


RRAREEERERERERAAARAARERKERERERRERRERAKREAREKEEREREERERARERR 
RERELERKEAERMEKKKKKREKCEKERKEKERAKAAKERAEAKRAEERERAEREEEEE 

* subcircuit non-latched sbfi/defl combination decoder 

one a0 al a2w r re 0 ol 02 03 04 05 06 07 enbl pwr grnd 
subckt decoder 1 234567 89 1011121314 15 16 17 

* inainbincind output powe: ground subname 


xl 1 20 16 17 dinv 
x2 2 18 16 17 dinv 
x3 3 19 16 17 dinv 
x4 45 6 15 16 17 s3or 
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x5 2018 1915 7 16 17 ss4and 
x6 1181915 8 £16 17 sséand 
x7? 202 1915 9 16 17 ss4and 
x8 1 2 19 15 10 16 17. sséand 
x9 «#20183 15 1 16 17 ss4and 
xl0 1 183 15 12 16 17 ssdand 
xll 202 3 15 13 16 17 ss4and 
xl2 123 15 24 #16 17 ss4and 


FREEKKKKKAKKEARKRERKKKAEKREKKKARKEEKRKEKAEKKAKKAKAKTEKKKERE 
* eRRKKMKH hspice version SKEKKKEEKK 

* include vitesse hgaas3 models and parameters for hspice. 
RAEKERKKRHKKKKKKKKEKAKEREKERSKEAKKAKKERKERERKKRKEKKSEAKKHKKREEE 
* power supplies 

vds 10 dc 2.0v $ element under test power supply 

vload 888 0 dc2.0v $ test load power supply 


* temperature card 
* temp 85.0 


* signal inputs 
* next line is for dc transfer analysis 
*vin 999 0 


* next three lines used to provide test signal inputs for transient analysis 

va 1000 pulse(0.063 0.63 4200ps 100ps 100ps 4000ps 8400ps' 

vb 191 0 pulse(0.063 0.63 8400ps 100ps 100ps 8200ps 168U0ps) . 

ve 102 0 pulse(0.063 0.63 16800ps 100ps 100ps 16600ps 33600ps) bs 
vr 103 0 0.63v 

vw 10400.63v 

vre 105 0 0.63v 


* main circuit 
* a0 al a2w rr 00 ol 02 03 04 05 06 07 enbl pwr grnd 
x0 100 101 102 104 103 105 110 111 112 113 114 115 116 117120 1 0 decoder 


x1 110 210 888 0 s4load 
x2 111 211 888 O s4load 
x3 112 212 888 0 s4’ -ad 
x4 113 213 888 0 s4h d 
x5 114 214 888 0 s4load 
x6 115 215 888 0 s4load 
x7 116 216 888 0 s4load 
x8 117 217 888 O s4load 
* measurement parameters 


* next two lines are used for dc transfer analysis 
*.de vin 0.00 0.63 0.001 
* probe de out/in=v(104,0) 


* next two lines are used for transient analysis 
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.probe ina=v(100) inb=v(101) inc=v(102) r=v(103) w=v( 104) re=v(105) 

+ oOev(110) olav(111) o2#v(112) 03=v(113) of%v(114) 05=v(115) 06=v(116) 
+ 07=v(117) enbl=v(120) 

.probe tran p(vds) p(vload) power 

ameasure tran avgpwr avg p(vds) 


* next 8 lines calculate vmax vmin trise ¢fall and tdelay :transient analysis 
meas tran vmax max v(100) from=2ns to=50ns 

meas tran vmin min v(100) from=2ns to=50ns 

Meas tran tphl trig v(100) val="(vmax-vmin)*.5' td=35ns 

+ rise=1 targ v(110) val="(vmax-vmin)*.5' td=35ns fall=1 

meas tran tplh trig v(100) val="(vmax-vmin)*.5' td=32ns 

+ fall=1 targ v(110) val="(vmax-vmin)*.S' td=32as rise=1 

meas tran trise trig v(110) val="vmin+0.1*vmax’ td=32ns 

+ rise=1 targ v(110) val='0.9*vmax' rise=1 

meas tran tfall trig v(110) val="0.9*vmax' td=32ns 

+ fall=1 targ v(110) val="vmin+0. 1*vmax' td=32Zns fall=! 

meas tran tdelay trig v(100) val=.2835 td=32ns fall=1 | 
+ tang v(110) val=.2835 td=32ns rise=1 | 
.tran 500ps 50ns 
options scale=1e-06 brief=0 nopage measout post probe 

end 

** hspice file created for circuit decoder: transient&power @ 25.0c 
****** circuit name directory 

RARE | 


circuit number to circuit name directory 





number circuitname definition multiplier 
O main circuit ae 
1x0. decoder 1.00 
2xi SAload 1.00 
3 x2 sAload 1.00 
4x3 SAload 1.00 
5 x4 s4load 1.00 
6x5 Sload 1.00 
7 x6 SAload 1.00 
8x7 SAload 1.00 
9x8 s4load 1.00 
10 x0.x} dinv 1.00 
1 x0.x2 dinv 1.00 
12 x0.x3 dinv 1.00 
13 x0.x4 s3or 1.00 
14 x0.x5 ss4and 1.00 
15 x0.x6 stand 1.00 
16 x0.x7 sAand 1.00 
17 x0.x8 ss4and 1.00 
18 x0.x9 ssdand 1.00 
19 x0.x10 sstand 1.00 
20 x0.x11. ss4and =: 11.00 
21 x0.x12. ssdand 1.00 
22 x1.x0. sinv 1.00 
23 xi.xl. sinv 1.00 
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54 x0.x4.x0. 


55 x0.x4.x1. 
56 «0.x5.x0. 
57 x0.x5.x1. 
58 x0.x5.x2. 
59 x0.x5.x3. 
60 x0.x5.x4. 


61 x0.x6.x0. 


62 x0.x6.x1. 
63 x0.x6.x2. 


64 x0.x6.x3. 
65 x0.x6.x4. 
66 x0.x7.x0. 


67 x0.x7.x1, 
68 x0.x7.x2. 


69 x0.x7.x3. 
70 x0.x7.x4. 


71 x0.x8.x0. 
72 x0.x8.x1. 


73 x0.x8.x2. 


74 x0.x8.x3. 
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75 x0.x8.x4. sAnor 1.00 
76 x0.x9.x0. sinv 1.00 
77 x0.x9.x1, sinv 1.00 
78 x0.x9.x2. sinv 1.00 
79 x0.x9.x3., sinv 1.00 
80 x0.x9.x4. sAnor 1.00 
81 x0.x10.x0. sinv 1.00 
82 x0.x10.x1. sinv 1.00 
83 x0.x10.x2. sinv 1.00 
84 x0.x10.x3. sinv 1.00 
85 x0.x10.x4. sAnor 1.00 
86 xO.x11.x0. sinv 1.00 
87 x0.x11.x1. sinv 1.00 
88 x0.x11.x2. sinv 1.00 
89 x0.xi1.x3. sinv 1.00 
90 x0.x11.x4. sA4nor 1.00 
91 x0.x12.x0, sinv 1.00 
92 x0.x12.x1. sinv 1.00 
93 x0.x12.x2. sinv 1.00 
94 x0.x12.x3. sinv 1.00 
95 x0.x12.x4. SAnor 1.00 
Opening plot unit= 15 
file=decoder1.pa0 


** hspice file created for circuit decoder: transient&power @ 25.0c 


eR aH 
RERERE 


Operating point information tnom= 25.000 temp= 25.000 


***** operating point status is voltage simulation time is 0. 


node =voltage node =voltage node =voltage 
+0:1 = 2.0000 0:100 = 63.0000m 0:101 = 63.0000m 
+0:102 = 63.0000m 0:103 =630.0000m 0:104 =630.0000m 
+0:105 = 630.0000m 0:110 =643.3119m O:111 = 31.9148m 
+0:112) = 31.9148m 0:113 = 30.9112m 0:114 = 31.9148m 
+0:115 = 30.9112m 0116 = 30.9112m 0:117 = 305639m 
+0:120 = 620.7250m 0:210 = 13.6773m 0:211 = 1.7422 
+0:212 = 1.7422 0:213 = 1.7430 0:214 = 1.7422 
+0:215 = 1.7430 0:216 = 1.7430 0:217 = 1.7433 
+0:888 = 2.0000 1:18 =606.6802m 1:19 =606.6802m 
+1:20 =606.6802m 2:5 = 13.6773m 2:6 = 13.6773m 
42:7 = 13.6773m 3:55 = 1.7422 3 = 1.7422 
43:7 = 1.7422 4:5 = 1.7422 4:6 = 1.7422 
44:7) = 1.7422 5:5 = 1.7430 5:6 = 1.7430 
+5:7 = 1.7430 65 = 1.7422 6:6 = 1.7422 
46:7) = 1.7422 7:55 = 1.7430 7:6 = 1.7430 
+7:7 = 1.7430 85 = 1.7430 8:6 = 1.7430 
48:7) = 1.7430 9:5 = 1.7433 9:6 = 1.7433 
+9:7° 9 = 1.7433 13:7 = 10.0800m 14:9 = 6.7572m 
+14:10 = 6.7572m 14:11 = 6.7572m 14:12) = 8.8318m 
+15:9 = 692.5577m 15:10 = 6.7572m 15:11 = 6.7572m 
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+15:12 = 88318m 169 = 6.7572m 16:10 =692.5577m 
41611 = 6.7572m 16:12 = 8.8318m 17:9 =690.7612m 
417:10 2 690.7612m 17:11 = 6.7572m 17:12 = 8.8318m 
+18:9 = 6.7572m 18:10 = 6.7572m 18:11 =692.5577m 
+18:12) = 8.8318m 19:9 =690.7612m 19:10 = 6.7572m 
+19:11 = 690.7612m 19:12 = 8.8318m 20:9 = 6.7572m 
+20:10 =690.7612m 20:11 =690.7612m 20:12 = 8.8318m 
421:9 = 690.1019m 21:10 =690.1019m 21:11 =690.1019m 
421:12 = 8.8318m 22:9 = 52.4532m23:9 = 52.4532m 
424:9 = §2,4532m 25:9 = 52.4532m 26:9 = 1.9911 
4279 = 19911 28:9 = 1.9911 29:99 = 1.9911 

+30:9 = 1.9911 31:99 = 1.9911 32:9 = 19911 

$33:9 = 1.9911 34:9 = 19913 35:9 = 1.9913 
+36:9 = 19913 37:9 = 1.9913 38:9 = 1.9911 
+39:9 = 19911 409 = 19911 41:9 = 19911 

442:9 = 1.9913 43:9 = 1.9913 44:9 = 1.9913 
+45:9 = 1.9913 469 = 1.9913 47:9 = 1.9913 
+48:9 = 1.9913 49:99 = 1.9913 50:9 = 1.9914 
451:9 = 1.9914 52:9 = 1.9914 53:9 = 1.9914 
+54:8 = 22.8197m 55:9 = 1.2859 50:9 = 58.9751m 
+57:9 = 58.9751m 58:9 = =_:-58.9751m 59:9 = = 55.6117m 
+60:3 = 1.3073 61:9 = 1.3552 62:9 = 58.9751m 
+63:9 = 58.9751m 64:9 = 55.6117m 65:8 = 56.8042m 
+66:9 = 58.9751m 67:9 = 1.3552 68:9 = 58.975im 
+69:9. = 55.6117m 70:8 = 56.8042m71:9 = 1.3534 
472:9 = 1.3534 73:9 = 58.975im 74:9 = 55.6117m 
+75:8 == 42,5420m 76:9 = 58.9751m 77:9 = 58.975lm 
+78:9 = 13552 79:9 = 55.6117m 80:8 = 56.8042m 
+81:9 = 1.3534 82:9 = 58.9751m 83:9 = 1.3534 
+84:9 = 55.6117m 85:8 = 42.5420m 86:9 = 58.9751m 
487:9 = 1.3534 88:9 = 1.3534 89:9 = 55.6117m 
+90:8 = 42.5420m91:9 = 1.3528 92:9 = 1.3528 
+93:9 = 1.3528 94:9 = 55.6117m 95:8 = 38.1558m 
Opening plot unit= 16 

file=decoder 1.tr0 


** hspice file created for circuit decoder: transient&power @ 25.0c 


****** transient analysis 
REERRH 


tom= 25,000 temp= 25.000 


avgpwr = -1.2518E-01 from= 0.0000E+00 to= 5.0000E-08 
vmax = 6.3000E-01 at= 4.3000E-09 

from= 2.0000E-09 to= 5.0000E-08 
vmin = 6.3000E-02 at= 2.0000E-09 

from= 2.0000E-09 to= 5.0000E-08 
tphl = 3.2624E-10 targ= 3.8165E-08 trig= 3.7839E-08 
tplh = 5.5513E-10 targ= 3.4116E-08 trig= 3.3561E-08 
trise = 2.8580E-10 targ= 3.4318E-08 tig= 3.4032E-08 
tfall = 2,03508-10 targ= 3.8268E-08 trig= 3.8064E-08 


304 





tdelay = 5.5513E-10 targ= 3.4116E-08 tig= 3.3561E-08 


SAREE job concluded 

total cpu time 306.61 seconds 
job started at 20: 9:10 2-feb93 
jobended at 20:25:19 2-feb93 


I am done with decoder! .sp 
Tue Feb 2 20:25:20 PST 1993 


L. Listing File for COUNTER Transient Analysis @ 25.0C 


Using: /tools3/cad/meta/h9007/sun4. 1 /hspice 

lic: license granted by the license server for hspice 

lic: from permit file: tools3/cad/meta/h9007 /permit.hsp 

reading install configuration file: /tools3/cad/meta/h9007 /meta.cfg 

setting user memory from environment var to 250000 words. ( 2000000 bytes) 


weeeee ohspice 9007d 11:42: 2 3-feb93 sun 

** hspice file created for circuit counter: transient&power @ 25.0c 
****** Copyright 1990 meta-software,inc. *****site: 

aeeee* input listing 

RKREKE 

* hspice.ini 

** technology: edgaas 

** standard 16-to-1 ratio of pull-down-to-pullup is used 


RKEKKKAKKKKEAKKAKKEREAKREKEEKAERAKAABEERAKKKEKKEKSERERAEEAREREE 
REREEREKEKKAKEREKAKAKAKEKERKEKKKE RES ERAESTAERAREEKEKAREEEES — 
* hspice defi 2-input nor subcircuit 

* ina, inb, output, power, ground 

subcktd2no0n 12 3 «#4 «5 

* dgsb 

j0433 5 jfetl6 l=1.2 w=6.0 

j1 315 5 jfet04 l=1.2 w=96.0 

j2325 5 jfet04 l=1.2 w=96.0 

ends d2nor 


EKEKLARECEKCAKKRRKSRKKERKEKAAKAKKEARAKAKSESLHARERERERKEEKRAKERERAEE 
EREKEKEKEARAEREKKASEEKEKAKKKEKAKKAKRRERCAAKKABARAEARECKESEKEAERES 
* hspice dcfl 2-input demorgan and subcircuit 

x ina, inb, output, power, ground 

subcktdd2and 12 3 4 «5 

x01 1045 dinv 

x12 1145 dinv 

x2 1011 345 d2nor 

ends dd2and 


ERBEKEEEREESERAREEARERAAERERAEAKERERSEARRESERAEKRERESCEREER 
RACER AEKAERRERKARKEALREKAERERERREREEERAEARERARSERERERES RE 
* subcircuit dcfl 2-input or 

* ina inb output power ground 

subcktdd2o0r 1 2 3 4 5 
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* ina inb out pwr gnd subname 
x0 1 2 6 4 5 d2nor 

xl 6 3 4 5 dinv 

ends dd2or 


MAKKEKKEKEREKRKKLESEKKAAKAKKKACEKAKKEAEAKAKKEKESRAKREKREKRATAEEK 
ERERKRERKHEKAKCARKRAES ESSE KAA KAAEKKABRARKRERKERSEKEREKAERKEEKEK 
* hspice defi 3-input nor subcircuit 

* ina, inb, inc, output, power. ground 

subcktd3nor 123 4 #5 6 

*dgsb 

j05 446 jfetl6 i=1.2 w=6.0 

jl 4 1 6 6 jfet04 1=1.2 w=96.0 

j2 426 6 jfet04 I=1.2 w=96.0 

j3 43 6 6 jfet04 I=1.2 w=96.0 

ends d3nor 
EKKERRAREKAKKARARARKEKAKEKKKKAKSAKAKARAKKKAKAKAEKEKAKAKSEKKAKKEKKRASE 
* hspice dcfl 3-input demorgan and subcircuit 

* ina, inb, inc, output, power, ground 

subcktdd3and 12 3 4 5 6 

x0 1 105 6 dipv 

x12 11 5 6 dinv 

x23 12 5 6 dinv 

x3 1011 12 45 6 d3nor 

ends dd3and 


RRKKERAAKKASAKAAERAKRRKREAREKEKAKEKEAKARKS EKA EAAERAKKKKEKK 
EKERRERKEKAAKERAKAKRERREEREAKERERKHEKASHEREKRAKECAREKEREEKEE 

* subcircuit dcfl 3-input or 

. ina inb inc output power ground 

subcktdd30r 1 2 3 4 5 6 

* ina inb inc out pwr gnd subname 

x0 123 7 5 6 d3nor 

xl 7 4 5 6 dinv 

ends dd3or 


RRRREKKREKEEEEAAREREREEERERKEKEAKAKERERERERELAEAKKRERREREKEK 
WEREREKKKEEKCKEARAREEAEKAEKERKKKAKKERKAEKKAEARARAKKEEKRERARAKAKKE 
* hspice dcfl 4-input nor subcircuit 

7 ina, inb, inc, ind, output, power, ground 

subcktd4nor 12 3 4 5 6 7 

*dgsb 

j0655 7 jfetl6 l=1.2 w=6.0 

j1 5.17 7 jfet04 I=1.2 w=96.0 

j2527 7 jfe04 I=1.2 w=96.0 

j3537 7 jfet04 I=1.2 w=96.0 

j45477 jfet04 l=1.2 w=96.0 


ends d4nor 
REREKKEAKERSEAAAAERATCAAEAEKRKAKKEARECEKAKRAEKREREEACKAAAKKEAREREKE 


REKERERKERERAAEEEAEAREERERAEKEKRERLARKEREKEESREAESARRERKREAK 
* subcircuit dcfl 4-input or 

* ina inb inc ind output power ground 

subcktdd4or 1234 5 6 7 
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* ina inb inc ind out pwr gnd subname 
x0 1 2 3 4 8 6 7 d4nor 

xl 8 5 6 7 dinv 

ends dd4or 


REKKKKEKARKKRKAAKKKKKAKEKKKKKAKKKKRHERRSALEAKSAEARAKKE AKERS EE 
EERERKRERKAKAKRKAEKEAASELEKEKKKEKKKERRER ERE SEAREKREKKSECAKHEREE 


* hspice defi 4-input demorgan and subcircuit 


. ina, inb, inc, ind, output, power, ground 
subcktdd4and 1 23 $$ 5 6 7 
x0 1 1067 dinv 


x12 1167 dinv 

x2 3 1267 dinv 
x34 13 67 dinv 
x4.1011 1213 5 67 d4nor 
ends dd4and 


EKKKAKEKEKKKAKAKERRKS ERK EKKAKKAKKAKERSERAKERSESERERKESEKEAKEE 
RKKKEARAAERKESEAKHKHAAKRKEERRAEKSEKKKKBRERELEKE EKER EKAEKERTE 
* subcircuit hspice defi clear d flip flop 

* wakerly pg 363 - 31july 1992 

++ dclkclr q /q power ground 

subcktcpdff 12345 6 7 

x0 12 10 9 6 7 dd2nand 

x1 93 2 10 6 7 dd3nand 

x2 10 2 12 11 6 7 dd3nand 


x3 113 1 12 6 7 dd3nand 
x4 10 5 4 6 7 dd2nand 
x5 43 11 5 6 7 dd3nand 


ERRKCERAEAAKEREKAERRERREREERRE REAR REE KEREREAKERESE 
RERKKKKREAREARKASRAAKAEKAEREREREREKERKERESKKAASERERSEEEAEE 


* hspice defi 2-input demorgan nand subcircuit 


* ina, inb, output, power, ground 
subcktdd2nand 12 3 4 #=§ 
x01 1045 dinv 

x12 1145 dinv 

x2 10 11 12 45 d2nor 

x312 3 45dinv 

ends dd2nand 


SREKAEAKHEREKKEKAAEREARAAKKEKSAREKKAARERKAEAAERERAERARELREE ERE 
MMM HRA MREREERAAKAAEEKEAKR AAA EKCAREKAEKERESKERKEKREAREEEEREE 
* hspice defi 3-input demorgan nand subcircuit 

? ina, inb, inc, output, power, ground 

subcktdd3nand 12 3 4 5 6 

x0 1 105 6 dinv 

xl2  =11. 5 6 dinv 

x23 12 5 6 dinv 

x3 10 11 12 13 5 6 d3nor 

x413 4 56dinv 

ends dd3nand 


HERRREREERRAKEREREEBRKEAEEKAKEAEAREREERKEAKEEERAERKEAARERKEEARES 
KEKEREKRAEKERKEEKKAAKERKAERSERKER ERE EREEESERREREARERESK 
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* subcircuit sbfl inverter 

* input, output, power, ground 
subcktsinv 1 2 3 4 
*dgs 

j09 14 0 jfetO4 i=1.2 w=48.0 

j1399 O jfetl6 I=1.2 w=3.0 

j23.92 0 jfet04 1=1.2 w=48.0 

j3 2 14 0 jfet04 I=1.2 w=48.0 


ends sinv 
BRARAKEEARKKKKRKKCKKARKREAEKKEKKEKKSERAERKAAKKARKEKKEKEKAK 


BRAMBRKRAKKCRAKKKK EE EAR KAAKRRAEKAKEKKEKKSSKKAEKSSEKAKSEKEKAAAKRE 
* hspice defi inverter subcircuit 

* input, output, power, ground 

subcktdinv 1 2 3 4 

*dgsb 

j03 22 4 jfetl6 l=1.2 w=6.0 

jl 214 4 jfet04 1=1.2 w=96.0 

ends dinv 


ERR EAE EEK RAKE AEA EMER ER EAKRERER EAA EA HK 
XKARBREREEBEREKEKKRAKERKEARKSER KEKE REAKARKERRERSREEAKEAKAA ARES 


* hspice dcfl standard load subcircuit 
* input, output, power, ground 
Subcktd2load 1 2 3 4 

x0 15 3 4 dinv 

x1 1234 dinv 

ends d2load 


KKREKKKRAKARRAREKAARKKKAKRERKKAKRKEKKRAREKEKEREKKKAKEKKKEKEAEESK 
RHRERKAKKKAKAKAREKKKARKKRMRKKKCKKKCKEAKALAAKKAKKAEKKSERCKEKKARAKEKE 
* hspice sbfl standard load subcircuit 

* input, output, power, ground 

subckt s4load 1 2 3 «4 

x0 1534 sinv 

x11234sinv 

x2 1634 sinv 

x3 1734 sinv 

ends s4load 


RRARAKKKKEKAKEKS ERK KERARKRELEKEAKKARERAEARESELEAKEEREERKEAKES 
REKEEMREKKKEKSEKEEKERKAKKKAERKARKAAKRKKEKAEKRKAKKKERERAEREKK 

* subcircuit dcfl counter using clear/preset d fps - cpdff 

aad enble clk q0 q1 q2 /q0 /q1 /q2 power ground 
Subcktcounter 1 2345678 9 10 

*** ina inb inc ind d clk q /q out power ground subname 


x0 1 11 9 10 = dinv 

xl 3 il 12 9 10 dd2and 
x2 1 6 139 10 dd2and 
x3 12 13 20 9 10 = dd2or 
x4 4 Il 14 9 10 dd2and 
x5 4 6 15 9 10 dd2and 
x6 37 1 16 9 10 dd3and 
x7 14 15 16 21 9 10 = dd3or 


x8 5 7 17 9 10 dd2and 








x9 5 6 18 9 10 dd2and 


x10 13 4 8 19 9 10 ddé4and 
xll 11 5 23 9 10 = dd2and 
x12 17 18 19 23 22 9 10 = ddédor 
x13 202 1 36 9 10 cpdff 
x14 212 1 47 9 10 cpdff 
x15 222 1 5 8 9 10 cpdff 
ends counter 


RRARRAKKKAARSKAK REEL AKERS EKRERSEARERSKSAREKEEKA LEER EKAEE 
Ke RRKEREE hspice version KEREEEKEE 


* include vitesse hgaas3 models and parameters for bspice. 
MERKKLHKERKKESEKAKKKERKKE KKK EKER EKRKSEKKRSERHSKAKE SREASEKAEKKAK EK 
* power supplies 

vds 1 0 dc 2.0v $element under test power supply 

vioad 888 0 dc 2.0v $ test load power supply 


* temperature card 
* temp 85.0 


* signal inputs 
* next line is for de transfer analysis 
*vin 999 0 


* next three lines used to provide test signal inputs for transient analysis 
velk 1000 pulse(0.063 0.63 4200ps 100ps 100ps 4000ps 8400ps) 
venble 101 0 pulse(0.063 0.63 10000ps 100ps 100ps 88400ps 98200ps) 


* main circuit 
* enble clk qO0 qi q2 /q0/q1 /q2 power ground subname 
x0 101 100 110 111 112 120121122 1 0 counter 


x1 110 210 888 0 d2lioad 
x2 111 211 888 0 d2load 
x3 112 212 888 0 d2load 
x4 120 220 888 0 d2load 
x5 121 221 888 Q d2load 
x6 122 222 888 0 d2load 
* measurement parameters 


* next two lines are used for transient analysis 

— clk=v(100) enble=v(101) q0=v(110) ql=v(111) q2=v(112) 
/q0=v(120) /q1=v(121) /q2=v(122) 

ies tran p(vds) p(vload) power 

measure tran avgpwr avg p(vds) from 0,0ns to 88ns 


* next 8 lines calculate vmax vmin trise tfall and tdelay :transient analysis 
meas tran vmax max v(110) from=2ns to=88ns 

meas tran vmin min v(110) from=2ns to=88ns 

meas tran tphl trig v(100) val="(vmax-vmin)*.5' td=20ns 

+ rise=1 targ v(110) val='(vmax-vmin)*.5' td=20ns fall=1 
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meas tran tpth trig v(100) val="(vmax-vmin)*.5' td=10ns 
+ rise=1 tang v(110) val="(vmax-vmin)*.5' td=10ns rise=1 
meas tran trise trig v(110) val='vmin+0.1*vmax' td=10ns 
+ rise=1 targ v(110) val='0.9*vmax' rise=1 


meas tran tfall trig v(110) val='0.9*vmax' td=20ns 


+ fall=1 targ v(110) val='vmin+0.1*vmax' td=20ns fall=1 


-meas tran tdelay trig v(100) val=.2835 td=20ns rise=1 


+  targ v(110) val=.2835 td=20ns fall=1 


tran 2500ps 88ns 


.options scale=1e-06 brief=0 nopage measout post probe 


end 


a“ hspice file created for circuit counter: transient&power @ 25.0c 


***ee* circuit name directory 


CREKRE 


circuit number to circuit name directory 


number circuitname 
0 main circuit 


definition multiplier 


counter 
d2load 
d2load 
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35 x6.x1. 

36 x0.x1.x0. 
37 x0.x1 x1. 
38 x0.x1.x2. 
39 x0.x2.x0. 
40 x0.x2.x1. 
41 x0.x2.x2. 
42 x0.x3.x0. 
43 x0.x3.x1. 
44 x0.x4.x0. 
45 x0.x4.x1. 
46 x0.x4.x2. 
47 x0.x5.x0. 
48 x0.x5.x1. 
49 x0.x5.x2. 
50 x0.x6.x0. 
51 x0.x6.x1. 
52 x0.x6.x2. 
§3 x0.x6.x3. 
54 x0.x7.x0. 
55 x0.x7.x1. 
56 x0.x8.x0. 
57 x0.x8.x1. 
58 x0.x8.x2. 
59 x0.x9.x0. 
60 x0.x9.x1. 
61 x0.x9.x2. 


62 x0.x10.x0. 
63 x0.x10.x1. 
64 x0.x10.x2. 
65 x0.x10.x3. 
66 x0.x10.x4, 


67 x0.x11.x0. 
68 x0.x11.x1. 
69 x0.x11.x2. 
70 x0.x12.x0. 
71 x0.x12.x1. 
72 x0.x13.x0. 
73 x0.x13.x1. 
74 x0.x13.x2. 
75 x0.x13.x3. 
76 x0.x13.x4. 
77 x0.x13.x5. 
78 x0.x14.x0. 
79 x0.x14.x1. 
80 x0.x14.x2. 
81 x0.x14.x3. 
82 x0.x14.x4. 
83 x0.x14.x5. 
84 x0.x15.x0. 
85 x0.x15.x1. 
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86 x0.x15.x2. 

87 x0.x15.x3. 

88 x0.x15.x4. 

89 x0.x15.x5. 

90 x0.x13.x0.x0. 
91 x0.x13.x0.x1. 
92 x0.x13.x0.x2. 
93 x0.x13.x0.x3. 
94 x0.x13.x1.x0. 
95 x0.x13.x1.x1. 
96 x0.x13.x1.x2. 
97 x0.x13.x1.x3. 
98 x0.x13.x1.x4. 
99 x0.x13.x2.x0. 
100 x0.x13.x2.x1. 
101 x0.x13.x2.x2. 
102 x0.x13.x2.x3. 
103 x0.x13.x2.x4. 
104 x0.x13.x3.x0. 
105 x0.x13.x3.x1. 
106 x0.x13.x3.x2. 
107 x0.x13.x3.x3. 
108 x0.x13.x3.x4. 
109 x0.x13.x4.x0. 
110 x0.x13.x4.x1. 
111 x0.x13.x4.x2. 
112 x0.x13.x4.x3. 
113 x0.x13.x5.x0. 
114 x0.x13.x5.x1. 
115 x0.x13.x5.x2. 
116 x0.x13.x5.x3. 
117 x0.x13.x5.x4. 
118 x0.x14.x0.x0. 
119 x0.x14.x0.x1. 
120 x0.x14.x0.x2. 
121 x0.x14.x0.x3. 
122 x0.x14.x1.x0. 
123 x0.x14.x1.x1. 
124 x0.x14.x1.x2. 
125 x0.x14.x1.x3. 
126 x0.x14.x1.x4. 
127 x0.x14.x2,x0. 
128 x0.x14.x2.x1. 
129 x0.x14.x2.x2. 
130 x0.x14.x2.x3. 
131 x0.x14.x2.x4. 
132 x0.x14.x3.x0. 
133 x0.x14.x3.x1. 
134 x0.x14.x3.x2. 
135 x0.x14.x3.x3. 
136 x0.x14.x3.x4. 





137 x0.x14.x4.x0. 
138 x0.x14.x4.x1. 
139 x0.x14.x4,x2. 
140 x0.x14.x4.x3. 
141 x0.x14.x5.x0. 
142 x0.x14.x5.x1. 
143 x0.x14.x5.x2. 
144 x0.x14.x5.x3. 
145 x0.x14.x5.x4. 
146 x0.x15.x0.x0. 
147 x0.x15.x0.x1. 
148 x0.x15.x0.x2. 
149 x0.x15.x0.x3. 
150 x0.x15.x1.x0. 
151 x0.x15.x1.x1. 
152 x0.x15.x1.x2. 
153 x0.x15.x1.x3. 
154 x0.x15.x1.x4. 
155 x0.x15.x2.x0. 
156 x0.x15.x2.x1. 
157 x0.x15.x2.x2. 
158 x0.x15.x2.x3. 
159 x0.x15.x2.x4. 
160 x0.x15.x3.x0. 
161 x0.x15.x3.x). 
162 x0.x15.x3.x2. 
163 x0.xi5.x3.x3. 
164 x0.x15.x3.x4. 
165 x0.x15.x4.x0. 
166 x0.x15.x4.x1. 
167 x0.x15.x4.x2. 
168 x0.x15.x4.x3. 
169 x0.x15.x5.x0. 
170 x0.x15.x5.x1. 
171 x0.x15.x5.x2. 
172 x0.x15.x5.x3. 
173 x0.x15.x5.x4. 


Opening plot unit= 15 


file=counter1.pa0 


** hspice file created for circuit counter: transient&power @ 25.0c 
****** Operating point information tnom= 25.000 temp= 25.000 


ERE EK 


***** operating point status is voltage simulation time is 0. 
node =voltage 


node voltage 


+0O:1 = 2.0000 0:100 
= 52.0499m 0:111 
+0:120 =602.9491m 0:121 
+0:210 = 1.9872 0:211 


+ 0:110 


= 63.0000m 0:101 
= 52.050lm 0:112 
= 608.4583m_ 0:122 

= 1.9872 0212 





node =voltage 





+ 0:220 
+ 0:888 
+ 1:13 
+ 1:16 
+ 1:19 
+ 1:22 
+355 
+ 6:5 
+ 9:11 
+ 11:6 
+ 13:10 
+ 14:11 
+ 16:10 
+ 17:11 
+ 18:12 
+ 19:11 
+ 21:10 
+ 22:9 
+ 22:12 
+ 23:11 
+ 72:11 
+ 73:11 
+ 74:10 
+ 74:13 
+ 75:12 
+ 76:11 
477:11 
+ 78:10 
+ 79:10 
+ 79:13 
+ 80:12 
+8i:t1 
+ 82:10 
+ 83:10 
+ 83:13 
+ 84:12 
+ 85:12 
+ 86:11 
+ 87:10 
+ 87:13 
+ 88:12 
+ 89:12 


= 60.0405m 0:221 
2.0000 1: 
§2.0005m 1:14 
32.4223m 1:17 
26.2272m 1:20 
52.0458m 1:23 

1.9872 4:5 
§8.4926m 7:5 
§4.9887m 10:10 
= 658.5363m 12:10 
= 658.6777m 13:11 
= 58.4926m 14:12 
= 658.6782m 16:11 
= 60.0405m 18:10 
= 651.5247m 18:13 
= 658.6792m 20:8 
= 624.0441m 21:11 
= 52.0506m 22:10 
= 636.5992m 23:9 
= 636.5449m 23:12 


ee ee ey 


§1.9641m 75:10 
= 653.5426m 75:13 
= 60.0405m 76:12 
= 653.4958m 77:12 
53.0867m 78:11 
651.5268m 79:11 
26.2332m 80:10 
53.0867m_ 80:13 
653.4958m 81:12 
54.9689m 82:11 
= 653.5426m 83:11 
= 32.4248m 84:10 
= 658.5204m 85:10 
= 651.4803m 85:13 
= 658.6219m 86:12 


aun boa 


658.505im 89:10 
53.0929m 89:13 


Opening plot unit= 16 
file=counter | .trO 


= 58.4926m 0:222 = 56.8042m 
= 623.9374m 1:12 = 52.0087m 
= §2.0087m 1:15 = 52.0017m 
= 5§2.0039m 1:18 = 52.0017m 
= §2.0509m 1:21 = 52.0488m 
= §2.0087m 2:5 = 1.9872 
1.9872 5:5 = 60.0405m 
§6.8042m 9:10 =658.6792m 
= 658.6298m 10:11 = 60.0405m 
= 658.6792m 12:11 = 54.9887m 
= 60.0405m 14:10 = 653.5418m 
= 653.4950m 15:7 =658.4424m 
= 58.4926m 17:10 =658.6777m 
= 651.4782m 18:11 =651.5247m 
= 56.8042m 19:10 = 54.9887m 
= 658.3021m 21:9. = 52.0506m 
= 636.5449m 21:12 = 636.5992m 
= 624.0441m 22:11 =636.5449m 
= 52.0506m 23:10 =624.044im 
= 636.5992m 72:10 = 53.0867m 
= 658.5204m 73:10 = 651.5268m 
= 651.4803m 73:13 = 26.2332m 
= 658.6219m 74:12 = 53.0867m 
= 53.0929m 75:11 =653.4958m 
= 32.4248m 76:10 = 54.9689m 
= 658.4906m 77:10 =653.5426m 
= 53.0929m 77:13 = 32.4248m 
= 54.9689m 78:12 =658.5204m 
= 651.4803m 79:12 =651.4803m 
= 54.9689m 80:11 =658.6219m 
= 51.9641m 81:10 = 53.0929m 
= 653.542Sim 81:13 = 32.4248m 
= 58.4926m 82:12 =658.4976m 
= 653.4938m 83:12 = 53.0929m 
= 53.0867m 84:11 = 54,9689m 
= 651.5268m 85:11 =651.4803m 
= 26.2332m 86:10 = 54.9689m 
= 53.0867m 86:13 = 51.964im 
= 653.4958m 87:12 = 653.5426m 
= 54.9689m 88:11 = 56.8042m 
= 653.5426m 89:11 =653.4958m 
= 32.4248m 


** hspice file created for circuit counter: transient&power @ 25.0c 


**24%* transient analysis 


RERKRH 


tnom= 25.000 temp= 25.000 
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avepwr = -2.7612E-01 from= 0.0000E+00 w= 8.8000E-08 
vmax = 6.0395E-0l  at= 7.2275E-08 

from= 2.0000E-09 to= 8.8000E-08 
vmin = 4.7781E-02 at= 3.9181E-08 

from= 2.0000E-09 to= 8.8000E-08 
tphi = 1.1171E-09 targ= 2.2155E-08 tig= 2.1038E-08 
tplh = §,0023E-10 targ= 1.3138E-08 trig= 1.2638E-08 
6.5525E-10 targ= 1.3671E-08 tig= 1.3016E-08 
2.5412E-10 targ= 2.2265E-08 trig= 2.2011E-08 
tdelay  =_‘1.1138E-09 targ= 2.2153E-08 trig= 2.1039E-08 


e 
"on 


***** job concluded 

total cpu time 569.23 seconds 
job started at 11:42:2 3-feb93 
jobended at 12:11:26 3-feb93 


I am done with counter!.sp 
Wed Feb 3 12:11:27 PST 1993 


M. Listing File for DREFRESH Transient Analysis @ 25.0C 


Using: /tools3/cad/meta/h9007/sun4. 1 /hspice 
lic: license granted by the license server for hspice 
lic: from permit file: /tools3/cad/meta/h9007/permit.hsp 
reading insta!] configuration file: /tools3/cad/meta/h9007 /meta.cfg 
reading design con‘iguration file: drefresh1 cfg 
setting user memory from environment var to 250000 words. ( 2000000 bytes) 
eeeeee hspice 9007d 20:28:46 3-feb93 sun 
** hspice file created for circuit drefresh: transient&power @ 25.0c 
****%** Copyright 1990 meta-software.inc. *****site: 
**ee%* input listing 
EXKRERH 
* hspice.ini 
** technology: edgaas 
** standard 16-to-1 ratio of pull-down-to-pullup is used 


RRMERERREREEEKERERREREEEEREEAEAREKEREKAEEEAEAKAEARAREREREER 
ERK KEKAEREEKEEARERERER ERA REECE EKA EAKERERERE 


* hspice dcfl standard load subcircuit 
* input, output, power, ground 
subcktd2load 1 2 3 4 

x0 1534 dinv 

x1 1234 dinv 

ends d2ioad 


REM KRERREK ERE ERE HAAR EERE AKAMA AERA ERKEEEEAK 
EERE RHEE ERE ERE EAE KERR AER AEAARERARKEEREK 


* subcircuit sbfl 2-input nor 


ba ina inb output power ground 
subckts2n0r 1 2034 5 
*dgs 
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j08 15 0 jfet04 1=1.2 w=48.0 
j1825 0 jfer04 I=1.2 w=48.0 
j248 8 0 jfetl6 l=1.2 w=3.0 
j3 483 0 jfer04 I=1.2 w=48.0 
j4325 0 jetO4 l=1.2 w=48.0 
j53 15 0 jfet04 l=1.2 w=48.0 
ends s2nor 


KKK KKKAKKCKAAKKARKSAKKKRAAKKSAKA KEKE REKKKSERERKAKAEKAETEREE 
REMC EKKCKKRAKEARKEAKEEK KKK EK ERASE KERASESEREKSEKEKAAERKEAEEAEE 


* subcircuit sbfl 2-input nand 

* ina inb output power ground 
subcktss2nand 1 2 3 #4 § 

* ina inb out pwr gnd subname 

x0 1 9 4 5 sinv 

xl 2 6 4 5 sinv 

x29 6 7 4 5 s2nor 

x3 7 3 4 5 sinv 

.ends ss2nand 


EREKKEKRKKKARERKAAERKEKEARAEAKSEKKKERAAEEREAKEKKKHESKEESERE 
KEEAKKEKKKAKA KRACK KKM AKKAKKEKAKAKKAREAKRHEEAREEAAARAKERKAREK 


* subcircuit defi sd-latch using generic gates 


* d clk q /q power ground 
subckt sdlach 1234 5 6 

** sbfi d latch ** 

* ina inb output power ground subname 
x0 1 2 8 5 6 d2nand 

xl 1 7 5 6 dinv 

x2 279 §S 6 d2nand 

x3 8 4 3 5 = 6 ss2nand 
x49 3 4 =S_ 6 ss2nand 

ends sdlatch 


RERERKEREKAEREKRREKEKEK EEREKERAEAKREERAEKRAKKEAEEKEERRERHRK 
Piri rrr errs ire iri rrr rer rere rir rr ri re rire rie errr tte rt sd 
* subcircuit defi d-latch using generic gates 

* d clk q /q power ground 

subckt dlach 1234 5 6 

* ina inb output power ground subname 


xO 1 2 8 5 6 d2nand 
xl 1 7 5 6 dinv 
x2 279 #5 6 d2nand 
x3 8 4 3 5 6 d2nand 
x49 3 4 #5 6 d2nand 
ends diatch 


RERRKA CRAKEAR AERA EEREKEREAAEREREKAEEREKKAREREREKEK 
RERKEKAEKRAKL ERA ARARERAKAAAEKKERKEREREKAKARAREREEE EK 


* hspice defi 2-input real nand subcircuit 


is ina, inb, output, power, ground 
subcktd2nand 12 3 4 5 
*dgsb 

j043 3 5 jfetl6 !=1.2 w=6.0 


j13 165 jfet04 l=1.2 w=192.0 
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j2625 5 jfet04 l=1.2 w=192.0 
ends d2nand 


RRELERSERABKAKABKETKECEAKACARKERESEAHERESESTAAERABERERESEEE 
RERKAKKRASEKESERERKKKESEREAKSEKKACESACHEAREKE STEERER ESERE SEE 


* subcircuit sbfl 4-input nor 

* ina inb inc ind output power ground 
subckts4n0r 1 234 5 6 7 

* dgs 


jO 8 1 7 0 jfet04 1=1.2 w=48.0 
jl 82 70 jfetO4 1=1.2 w=48.0 
j2 837 0 jfet04 l=1.2 w=48.0 
j3 847 0 jfetO4 l=1.2 w=48.0 
4 68 8 0 jfetl6 l=1.2 w=3.0 
j5 685 0 jfet04 l=1.2 w=48.0 
j6 5 17 0 jfet04 i=1.2 w=48.0 
j7 527 0 jfet04 l=1.2 w=48.0 
j8 537 O jfet04 l=1.2 w=48.0 
j9 5470 jfet04 l=1.2 w=48.0 
.ends s4nor 


BEECEREKRKKAAEKAKAACAARASKARARTARKEKRAEAKAKAKESKEESAREREKAREYEKEK 
RECRAKKAECKK KKK KCKABKEKEKKAKEKARHESEAECREAREKEKEKAAKAKAREKEEK 
* hspice defi 2-input nor subcircuit 

sa ina, inb, output, power, ground 

subcktd2n0cr 1 2 3 4 #5 

*dgsb 

j0433 5 jfetl6 l=1.2 w=6.0 

j1315 5 jfet04 l=1.2 w=96.0 

j2325 5 jfet04 t=1.2 w=96.0 

ends d2nor 


FEAKKKKAKAKEKKAAEAKERKKERKERAEAKKALKEAKAARERERKRERERERERAKERE 
RKKKKKEAKKEAKEKKAAEKKAKEAKAKKKAKAKAESEKEAKKEKAKEKERAEKAEEREREEEOE 
* hspice dcfl 2-input demorgan and subcircuit 

, ina, inb, output, power, ground 

Subcktdd2and 12 3 4 § 

x01 1045 dinv 

xl2 1145dinv 

x2 1011 345 d2nor 

ends dd2and 


KREKKEKERLKKKEE KKK EAE EKER ERREKREERE 
REKTEKKEAKRKEKERKEKKERREKERERRESCEKEKRERTKSEKERECKABEEEREEKEEK 
* subcircuit defi 2-input or 

bg ina inb output power ground 

subcktdd2o0r 1 2 3 4 5 

* ina inb out pwr gnd subname 

x0 1 2 6 4 5 d2nor 

xl 6 3 4 5 dinv 

ends dd2or 


BREKREKKEEKKKERAEEAAKAKSERSEEHEAEKAKKEERKRERE CEES EERAKEEARERER 
RRAEAKEEREAKRAAEKKKKARREAEAKERASESERELESEERASERKEREESKEREAAERE 
* hspice dcfl 3-input nor subcircuit 

* ina, inb, inc, output, power, ground 
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subcktdjnor 12 3 #4 5 6 
*dgsb 

j0544 6 jfetl6 l=1.2 w=6.0 

jl 4 16 6 jfet04 1=1.2 w=96.0 

j242 66 jfer04 I=1.2 w=96.0 

j3 43 6 6 jfet04 1=1.2 w=96.0 

ends d3nor 
KERKEKKEKKAKAKAKAKAKKAKAKARKAREKKRRKKRESEKRERKKEKKEKAECKAKKAKEKEAEE 
* hspice defi 3-input demorgan and subcircuit 
* ina, inb, inc, output, power. ground 
subcktdd3and 12 3 4 5 6 

x0 1 105 6 dinv 

x12 11 5 6 dinv 

x23 12 5 6dinv 

x3 1011 12 45 6 d3nor 

ends dd3and 


REKRKAK KKK AKKAKK KKK KKK EKA EK KEK EARKLKEARAERKAKEREEKEAARAKE 
RRR AK KAKA EAKKAKKAAAKCKEKKKEKKKAKERAKAKKAAKKAAREREEREREKE 


* subcircuit defl 3-input or 

* ina inb inc output power ground 
subcktdd3or 1.2 3 4 #5 6 

* ina inb inc out pwr gnd subname 

x0 1 2 3 7 5 6 d3nor 

x1 7 4 5 6 dinv 

ends dd3or 


CREEK KMABEKRAKKA KEKE KAKKKEAEEAAAEAKEREKAEKE EAA AREKREKE HK 
ROR IOI I A AI A ICR A IOI I A IO OR IO RIOR a it i a CK A a 
* bspice dcfl 4-input nor subcircuit 

* ina, inb, inc, ind, output, power, ground 

subcktd4nor 12 3 4 5 6 7 

*dgsb 

j0655 7 jfeti6 l=1.2 w=6.0 

j15 177 jfet04 1=1.2 w=96.0 

j2527 7 jfet04 l=1.2 w=96.0 

j3537 7 jfet04 l=1.2 w=96.0 

44547 7 jfet04 I=1.2 w=96.0 

ends d4nor 


RR HH RAK RAE A AKA KKE ARERR RAKE KKEKKRERKE 
ERATE KK EEA EEA KAS KEAAAEREERERERE REE AARRERAEE 
* subcircuit dcfl 4-input or 

sg ina inb inc ind output power ground 

subcktdd4or 1234 5 6 7 

* ina inb inc ind out pwr gnd subname 

x0 1 23 4 8 6 7 d4nor 

xi 8 5 6 7 dinv 

ends dd4or 


KKEEKARRAEERERARRREKREKEKKE KEK ERKAREERAKEREKSELKERAEAEKAKKEE 
RRERKA KR KKAK KAKA KEES KK EAE ARACEAE AERA KARE REE 
* hspice dcfi 4-input demorgan and subcircuit 

* ina, inb, inc, ind, output, power, ground 








subcktdddand 1 234 5 6 7 
x01 1067 dinv 

x12 1167 dinv 

x23 1267 dinv 

x34 13 67 dinv 

x4 1011 1213 5 67 dénor 

ends dd4and 


RESEKKAEAKKRKSEKREKEKKESEA SARK KKEKRKKERKERKEKAEEKAERERAERE 
MERE EAEBERRAEKRAKARKAAKEEKKERSSRKSEERARARTKAKEREK 
* subcircuit hspice defl clear d flip flop 
* wakerly pg 363 - 3ljuly 1992 
+e dclkclr q /q power ground 
subckt cpdff 12345 6 7 
x0 12 10 9 6 7 dd2nand 
xl 93 2 10 6 7 dd3nand 
x2 10 2 12 11 6 7 dd3nand 
7 


x3 113 1 12 6 7 dd3nand 
x4 (10 5 4 6 7 dd2nand 
5 4311 5 6 7 dd3nand 
ends cpdff 


EEKKKEKAKEKSSERRERKEAEEKAESKARERSRAEKEKERESRSAAERKERERE EE 
KREERKERARHEKAKAERKEAKREKERERARHEAERAAKEKRAAKKERAAERAERBERE 
* hspice defi 2-input demorgan nand subcircuit 

* ina, inb, output, power, ground 

subcktdd2nand 1 2 3 4 5 

x01 1045 dinv 

x12 1145dinv 

x2 10 11 1245 d2nor 

x3 12 3 45 dinv 

ends dd2nand 


SAAKEKERLBAAKALEKRARKAREKEACAEARKAKKAKKSEAEKCAREEESESRAEERRAERER 
SREKLERAAKEKKAARERAKEASAKATARAAKEAKAKERESERKERARELSERERAEEERER 
* hspice dcfi 3-input demorgan nand subcircuit 

* ina, inb, inc, output, power, ground 

subcktdd3nand 123 #4 5 6 

x0 1 105 6 dinv 

x12 115 6dinv 

x23 125 6 dinv 

x3 10 11 12 13 5 6 d3nor 

x413 4 56dinv 

ends dd3nand 


RREEEREERE REESE MEER EEE EK HE KRKSEREEERERERAKABERREREARREREKE 
RELKAAKAAKARARAKAEREERKEEAREEKKERKAEKERKE SERRE EERAEKRAEREAAEE 

* subcircuit dcfl counter using clear/preset d fps - cpdff 

wee enble clk q0 qi q2 /q0 /q1 /q2 power ground 

sSubckt counter 1 2345678 9 10 

*** ina inb inc ind d clk q /q out power ground subname 


x0 1 11 9 10° dinv 

xl 3 1 12.9 10 dd2and 
x2 1 6 13 9 10 dd2and 
x3 12 13 20 9 10 dd2or 
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x4 4 Il 14 9 10 dd2and 
x5 4 6 15 9 10 dd2and @ 
x6 3 7 1 16 9 10 dd3and 
x7 1415 16 21 9 10 + dd3or 
x8 5 7 17 9 10 dd2and 
x9 5 6 18 9 10 dd2and 
x10 13 4 8 19 9 10 dd4and 
xlt 115 23 9 10 = dd2and 
x12 17 18 19 23 22 9 10 = dd4or 
x13 202 1 3 6 9 10 = ocpdff 
xl4 212 1 47 9 10 cpdff 
x15 222 1 § 8 9 10 cpdff 
ends counter 


RRERERREBREREERESEEESLERREAREERKEKESEREREREREERREKRESEREEKRAE 
ERKKERAEKKRKAKKRAKAKEKAEAREKABARAERKEREKEKKAEKKTERARKSARARERE 
* hspice defi inverter subcircuit 

* input, output, power, ground 

subcktbdinv 1 2 3 4 

*dgsb 

j03 22 4 jfet20 1=3.0 w=40.0 

jl2 14 4 jfet04 1=1.2 w=240.0 

ends bdinv 
RERAKKRKEAREKKAERE RR ERKREKRACEKRESERREAEERKEREEREKAKREEAEBEKR 
* subcircuit sbfl 2-input nor 

. ina inb output power ground 

Subcktbstmor 1 2 3 «4 «5 

*dgs 

j08 15 0 jfet04 I=1.2 w=180.0 

jl 825 0 jfet04 1=1.2 w=180.0 

j2 48 8 0 jfetl6 1=1.2 w=10.0 

j3 483 0 jfet04 l=1.2 w=224.0 

j4325 0 jfet04 l=1.2 w=224.0 

j5 3 15 0 jfet04 1=1.2 w=224.0 

ends bs2nor 
ERERRKEKEREREKKEREKERERAEKRREREERE REARS EKEKAKCE AKER EK 
* subcircuit sbfl 2- input and 

* ina inb output power ground 

subcktbs2and 1 2 3 4 § 

* ina inb out pwr gnd subname 

x0 1 9 4 5 bdinv 

xl 2 6 4 5 bdinv 

x29 6 3 4 5 bs2nor 

ends bs2and 


REEREKERERERKERKREREEKREAKEEARERAEEAERAEERAKERAEAKRESERAE REREAD 
REKKEKRARESEERKERRAKERKE EKER EKEREKEAREEEEKAREKERERREEEAREKE 


* subckt hspice sbfi large 2-input nor 

* ina inb output power ground 

subcktcspor 1 2 3 #4 #5 
*dgsb 
j08 1 5 0 jfet04 I=1.2 w=144.0 

jl 825 0 jfetO4 1=1.2 w=144.0 
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j2 48 8 0 jfeti6 i=1.2 w= 9.0 

33.48 3 0 jfet04 = 1.2 w= 144.0 

34325 0 jfet04 l= 1.2 w=144.0 

j5 3:15 0 jfet04 I=1.2 w=144.0 

ends csnor 
RERKEEKEARAKKEKEAKAKEKKERKESKERAKECKERAREREERAEKERETERERESER 
* hspice sbfi extra-large driver-inverter subcircuit 

* input, output, power, ground 

subcktssinv 1 2 3 4 

* dgsb 

j09 140 jfet04 l=1.2 w=768.0 

j1399 0 jfetl6 l=1.2 w= 48.0 

j2392 0 jfet04 1=1.2 w=768.0 

j3 2 14 0 jfet04 l=1.2 w=768.0 

ends ssinv 

KEREKEREKKEARKKKKKAKKAAEKKAKKKAKAKKAA KCAKAKHKKAKKAEAKAARAKAEKEHK 
* hspice sbfi large driver-inverter subcircuit 

* input, output, power, ground 

subcktcsinv 1 2 3 4 

*dgsb 

j09 14 0 jfet04 l=1.2 w=256.0 

jl 399 0 jfetl6 l=1.2 w= 16.0 

j2392 0 jfet04 l=1.2 w=384.0 

j3 2 14 0 jfet04 l=1.2 w=384.0 

ends csinv 
RERKERELEAKHKEARAAKKERRSEAKARARARKKERKERREKKAAAERAEEERERRAEKE 
* subcircuit sbfl 4-input nand 

* ina inb inc ind output power ground 

sSubckt ss4nand 1 234 5 6 7 

* ina inb inc ind out pwr gnd subname 


x0 1 9 6 7 sinv 
xl 2 10 6 7 sinv 
x2 3 ll 6 7 sinv 
x3 4 12 6 7 sinv 
x49 10 11 12 8 6 7 s4nor 
x5 8 5 6 7 sinv 
ends ss4nand 


RRRKAEKREREKERAKKKERAEKKKE REE KARE KEREKRAAKEERE AREER 
RERKEARARERRERKEEEREEAERRAAEEKEKEKRKSERAKAEKAEREREKKEBBEEEK 
* subcircuit delay generates fee d 

* input output power ground 

subcktdelay 1 2 3 4 

* ina inb out power ground subname 


x0 I 9 3 4 Obdinv 
xl 9 6 3 4 bdinv 
x2 1 6 2 3 4 = bs2and 
ends delay 


REKKREREKRKA KEKE RKARA RARE ESKRKREKRKEKKAKERKEEKEREREKEAREEK 
* subcircuit for hspice two-phase sbfl clock 


* inclk phi ph2 ph2d ph1l ph2Id powerl power2 ground 
subcktclok 123 45 6 7 8 9 
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* ina inb out pwr gad subname 
x0 1 2 107 9 csnor 

xl 10 117 9 ssinv 

x2 11 3 7 9 ssinv 

x3 123 13 7 9 csnor 

x4 13 


CRARKKERREKKEAKKKERAKKKARKERAERARAKAEEEEEKSEEREAEARAESERER 
MEERA RKCEEAKERAKEKCARSKKEKKSKARKREKRKEKAKAELSEAKEKK KKH SEE 


* subcircuit level-shifter to drive dfets 
* use hspice diode models for backconnected mesfets 
* input output vds vss 
subcktlvl 1 2 3 4 
* s b 
3 0 dinv 
6 4. jfet04 l=1.2 w=20.0 
7 4 diol6 t=1.2 w=4.0 
4 4 jfet20 1=3.0 w=3.0 
9 
0 


dg 


1 
3 
7 
7 
3 
9 
3 
Ml 


aR 


4 jfetl6 l=1.2 w=3.0 

4 jfetl6 l=1.2 w=10.0 
10 4 jfetl6 l=1.2 w=20.0 
11 4 diol6 !=1.2 w=20.0 
j8 2 UW 2 4 « diol6 l=1.2 w=20.0 
j9 24 4 4 jfetl6 i=1.2 w=12.0 
jlO 122 12 4 diol6 l=1.2 w=10.0 
jll 13 12 13 4 diol6 1=12 w=100 
ji2 1413 14 4 diol6 l=1.2 w=10.0 
jl3 4 14 4 4 diol6 l=1.2 w=10.0 
ends lvi 


EXEREEREREKAKKKARKEKKKSEKAREKS KES EKKEKRAEAEARKREKEKEERAKEKKAKEKHE 
RARER ERARKKKEAEEKEAAKERAKAKKKARAAKAEAAAKKEREAAKAKEKRAKEK EERE 
* subcircuit defi with sbfl outputs d flip-flop 

at d clk q /q power ground 

subckt sdff¥12345 6 

** sbfl d flip flop 

* ina inbd clk q /q out power ground subname 


we OWDIORAN 


—) 


REERERREKREKREEKERAEKARKEEREABARERAEEEREREKRERESRAERERESE 
CERKEREAAEAREKARAERKEERRAEKKERREARE EER EREEKAEKRERREEAKERAKEES 
* hspice defi inverter subcircuit 

* input, output, power, ground 

subcktdinv 1 2 3 4 








*dgsb 

j03 2 2 4 jfetl6 1=1.2 w=6.0 
jl 2144 jfet04 1=1.2 w=96.0 
.ends dinv 


REKKHERKEKAREKEKSELEAKEAAKHEKAEAATRAKEKEKEREK EEE RECAEAEEKEST SE 


* hspice d mesfet load subcircuit 
bs input, power, ground 
subcktdmidload 1 3 4 
j03 14 4 jfetl6 l=1.2 w= 10.0 
jl 3144 jfetl6 !=1.2 w= 10.0 
j23 144 jfetl6 l=1.2 w= 10.0 
j3 3:14 4 jfetl6 l=1.2 w= 10.0 
443 144 jfetl6 l=1.2 w= 10.0 
j53 14 4 jfeti6 l=1.2 w= 10.0 
j63 14 4 jfetl6 l=1.2 w= 10.0 
j7 3144 jfetl6 1=1.2 w= 10.0 
j83 144 jfetl6 l=1.2 w= 10.0 
j93 144 jfetl6 l=1.2 w= 10.0 
ends dm1Qload 


WM AAR A KH MK RAKE KAKA KM KKERKAKAREKEKKAAARERAARAEE 
We se Hee Mee he he he he He a he A HH HK AH AAS AREER EKA KERRAKERERE 
* subcircuit sbfl inverter 

* input, output, power, ground 

subcktsinv 1 2 3 4 

*dgs 

j09 140 jfet04 1l=1.2 w=48.0 

j1 399 0 jfetl6 l=1.2 w=3.0 

j2392 0 jfetO4 1=1.2 w=48.0 

j3 2 14 0 jfet04 1=1.2 w=48.0 

ends sinv 


RKKKAKKKKKKEARKERKKKKAKKAKKEKKMEKKEEKKEAKTAAKAASEEAEKEREKK EAE 
ERE KAKA KARR EEKKAKEKAKSKARAEKAKAEKAKEKHKARAKEREKARERKEE 
* hspice sbfl standard load subcircuit 

input, output, power, ground 

Subckt s10load 1 2 3 4 

x015 34sinv 

x112 34sinv 

x2 16 34sinv 

x3 17 34sinv 

x418 34sinv 

x5 19 34 sinv 

x6 1103 4 sinv 

x7 11134 sinv 

x8 1123 4sinv 

x9 11334 sinv 

ends s1Qload 


HM HEM Me He He He He he he He he He eH HH He He a eH HH I hk KK RAE EK 
REKEKAKKEMAAKKAEKKERAKELAEAEKREEAKAEKEE AR ERRE EAE KEAKAAEKEEKAKE 

* subcircuit dcfi/sbfi combination refresh circuit 

* refresh ph | clock a0 al a2 ao0 ao] ao2 mrefresh power ground 
subcktdrefresh 1 2 345678 9 #10 II 
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*** ina inb inc ind d clk q /q out power ground subname 


x0 15 28 29 30 31 10 11 ssdnand 
xl 312 9 33 10 11 sdff 

x2 31 2 25 26 27 28 29 30 10 11 counter 
x3 3 12 10 11 dinv 

x4 4 13 10 11 dinv 

x5 5 14 10 11 dinv 

x6 1 15 10 11 dinv 

x7 3 33 16 10 11 dd2and 
x8 3 25 17 10 11 dd2and 
x9 12 25 9 18 10 11 dd3and 
x10 4 33 19 10 11 dd2and 
xll 4 26 20 10 11 dd2and 
x12 13 269 21 10 11 = dd3and 
x13 5 33 22 10 11 dd2and 
x14 5 27 23 10 11 dd2and 
x15 14 279 24 10 ti dd3and 
x16 16 17 18 6 10 Il dd3or 
x17 19 20 21 7 #10 11 dd3or 
x18 22 23 24 8 10 11 dd3or 


ic v(25)=0.0 v(26)=0.0 v(27)=0.0 v(31)=0.0 v(9)=0.0 

+ v(28)=0.63 v(29)=0.63 v(30)=0.63 v(33)=0.63 

.ends drefresh 
SEREKKKERKKKAKAKKARAAKKKHAKAAKAKAAKEAKEARAEAAAKRKERARKARERARSE ER 
KK RKKKKEK hspice version ERKEEKEEEK 

* include vitesse hgaas3 models and parameters for hspice. 
EREREERKAA AR EKEKEKAKEAAAKKAKKA KKK EKRELAERKKEAAAKAAEREKE HK 
* power supplies 

vds 1 Odc 2.0v $ element under test power supply 

vss 7770 dc -2.5v §$ test load negative power supply 

vioad 888 0 dc 2.0v $ test load positive power supply 


* temperature card 
* temp 85.0 


* signal inputs 


* next line is used to provide the test signal input for transient analysis 
va0 1000 pulse(0.063 0.63 4200ps 100ps 100ps 4000ps 8400ps) 

val 101 0 pulse(0.063 0.63 8400ps 100ps 100ps 8200ps 16800ps) 
va2 102 0 pulse(0.063 0.63 16800ps 100ps 100ps 16600ps 33600ps) 
vref 200 0 pulse(0.63 0.063 33600ps 100ps 100ps 63400ps 87200ps) 


* main circuit 


*inclk phl ph2 ph2d phil ph2ld powerl power2 ground 

x0 100 104 105 106 107 108 888 777 0 clock 

* ref phl a0 al a2 ao0 aol ao2 mrefresh pwr gnd 

x1 200 104 100 101 102 120 121122130 1 0 drefresh 
* standard dcfi loads on the outputs of the circuit under test 
x2 120 220 888 0 d2load 








x3 121 221 888 0 d2load 


x4 122 222 888 0 d2ioad 
x5 130 230 888 Od2load 
* measurement parameters 


* next lines are used for transient analysis 
.probe phl=v(104) ref=v(200) a0=v(100) al=v(101) a2=v(102) 
+ a00=v(120) aol=v(121) ao2=v(122) mref=v(130) 


.probe tran p(vds) p(vss) power 

Measure tran avgpwr avg p(vds) from 0.0ns to 80ns 

* next 8 lines will calculate ymax vmin trise tfall and tdelay :transient analy 
s 

meas tran vimax max v(100) from=2ns to=20ns $ vmax input 
meas tran vimin min v(100) from=2ns to=20ns $ vmin input 

meas tran vmax max v(120) from=2ns to=20ns 

meas tran vmin min v(120) from=2ns to=20ns 

* next line is adjustment necessary to facilitate measuring tfall. if 

* ymin is used in tfall calc, then the tfall calculation fails as the is a larg 
e 

* all on to all off and this skews the targ parameter. notice that 

* ymin? is used only in the tfall calculation line. 

* meas tran vmin2 find v(104) at=11ns 

meas tran tphl trig v(104) val='(vimax-vimin)*.5’ td=28ns 

+ rise=1 tang v(120) val="(vmax+vmin)*.5' td=30ns fall=1 

meas tran tplh trig v(104) val='(vimax-vimin)*.5' td=20ns 

+ rise=1 tang v(120) val="(vmax+vmin)*.5' td=20ns rise=1 

meas tran trise trig v(120) val='vmin+0.1*vmax’' td=20ns 

+ rise=1 targ v(120) val='0.9*vmax' rise=1 

meas tran tfall trig v(120) val='0.9*vmax' td=30ns 

+ fall=1 targ v(120) val="vmin+0. 1*vmax' td=30ns fall=1 

meas tran tdelay trig v(104) val=0.2835 td=20ns rise=1 

+ tang v(120) val=0.2835 __rise=1 

.tran 1000ps 80ns 

options scale=le-06 brief=0 nopage mezasout post probe 

end 

** hspice file created for circuit drefresh: transient&power @ 25.0c 
****** circuit name directory 

Ppt ttt 


circuit number to circuit name directory 


number circuitname definition multiplier 

O main circuit 

1 x0. clock 1.00 

2xi. drefresh 1.00 

3 x2. d2load 1.00 

4x3. d2load 1.00 

5 x4. d2load ~=—:11.00 

6x5. d2load 1.00 

7 x0.x0. csnor 1.00 

8 x0.x1. ssinv 1.00 
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9 x0.x2. 

10 x0.x3. 

11 x0.x4. 

12 x0.x5. 

13 x0.x6. 

14 x0.x7. 

15 x0.x8. 

16 x0.x9. 

17 x1.x0. 

18 x1 .xl. 

19 x1.x2. 
20 x1.x3. 

21 xL.x4. 
22 x1.x5. 

23 x1.x6. 
24 xi.x7. 

25 x1.x8. 
26 x1.x9. 

27 x1.x10. 
28 x1.x11. 
29 xi.x12. 
30 x1.x13. 
31 x1.x14. 
32 x1.x15. 
33 x1.x16. 
34 x1.x17. 
35 x1.x18. 
36 x2.x0. 

37 x2.x1. 

38 x3.x0. 
39 x3.x1. 
40 x4.x0. 

41 x4.x1. 
42 x5.x0. 

43 x5.x1. 
44 x0.x7.x0. 
45 x0.x7.x1. 
46 x0.x7.x2. 
47 x0.x8.x0. 
48 x0.x9.x0. 
49 x1 .x0.x0. 
50 x1.x0.x1. 
51 x1.x0.x2. 
52 x1.x0.x3. 
53 x1.x0.x4. 
54 x1.x0.x5. 
55 x1.x1.x0. 
56 xLxlL.xl. 
57 x1 x1.x2. 
58 xL.x1.x3. 
59 x1.x2.x0. 











60 x1.x2.x1. 
61 x1.x2.x2. 
62 x1.x2.x3. 
63 x1.x2.x4. 
64 x1.x2.x5. 
65 x1.x2.x6. 
66 x1.x2.x7. 
67 x1.x2.x8. 
68 x1.x2.x9. 
69 x1.x2.x10. 
70 x1.x2.x11. 
71 x1.x2.x12. 
72 x1.x2.x13. 
73 x1.x2.x14. 
74 x1 x2.x15. 
75 x1.x7.x0. 
76 x1.x7.x1. 
77 x1 x7.x2. 
78 x1.x8.x0. 
79 x1.x8.x1. 
80 x1.x8.x2. 
81 x1.x9.x0. 
82 x1.x9.x1. 
83 x1.x9.x2. 
84 x1.x9.x3. 
85 x1.x10.x0. 
86 x1.x10.x1. 
87 x1.x10.x2. 
88 x1.x11.x0. 
89 xl .x1L.x1. 
90 x1.x11.x2. 
91 x1.x12.x0. 
92 x1.x12.x1. 
93 x1.x12.x2. 
94 x1.x12.x3. 
95 x1.x13.x0. 
96 x1.x13.x1. 
97 x1.x13.x2. 
98 x1.x14.x0. 
99 x1.x14.x1. 
100 x1.x14.x2. 
101 x1.x15.x0. 
102 x1.x15.xl. 
103 x1.x15.x2. 
104 x1.x15.x3. 
105 x1.x16.x0. 
106 x1.x16.x1. 
107 x1.x17.x0. 
108 x1.x17.xi. 
109 x1.x18.x0. 
110 x1.x18.x1. 


327 





111 x0.x7.x2.x0. 
112 x0.x7.x2.x1. 
113 x0.x7.x2.x2. 
114 x1.x1.x0.x0. 
115 xL.x1.x0.x1. 
116 xL.x1.x0.x2. 
117 x1.x1.x0.x3. 
118 x1.x1l.x0.x4. 
119 x1.x1.x3.x0. 
120 x1.x1.x3.x1. 
121 x1.x1.x3.x2. 
122 x1.x1.x3.x3. 
123 x1.x1.x3.x4. 
124 x1.x2.x1.x0. 
125 x1.x2.x1.x1. 
126 x1.x2.x1.x2. 
127 x1.x2.x2.x0. 
128 x1.x2.x2.x1. 
129 x1.x2.x2.x2. 
130 x1.x2.x3.x0. 
131 x1.x2.x3.x1. 
132 x1.x2.x4.x0. 
133 x1.x2.x4.x1. 
134 x1.x2.x4.x2. 
135 x1.x2.x5.x0. 
136 x1.x2.x5.x1. 
137 x1.x2.x5.x2. 
138 x1.x2.x6.x0. 
139 x1.x2.x6.x1. 
140 x1.x2.x6.x2. 
141 x1.x2.x6.x3. 
142 x1.x2.x7.x0. 
143 x1.x2.x7.x1. 
144 x1.x2.x8.x0. 
145 x1.x2.x8.x1. 
146 x1.x2.x8.x2. 
147 x1.x2.x9.x0. 
148 x1.x2.x9.x1. 
149 x1.x2.x9.x2. 
150 x1.x2.x10.x0. 
151 x1.x2.x10.x1. 
152 x1.x2.x10.x2. 
153 xI.x2.x10.x3. 
154 x1.x2.x10.x4. 
iSS x1.x2.x11.x0. 
156 x1.x2.x11.x1. 
157 x1.x2.x11.x2. 
158 x1.x2.x12.x0. 
159 x1.x2.x12.x1. 
160 x1.x2.x13.x0. 
161 x1.x2.x13.x1. 








162 xk.x2.x13.x2. 
163 x1.x2.x13.x3. 
164 xL.x2.x13.x4. 
165 x1.x2.x13.x5. 
166 x1.x2.x14.x0. 
167 x1.x2.x14.x1. 
168 x1.x2.x14.x2. 
169 x1.x2.x14.x3. 
170 x1.x2.x14.x4. 
171 x1.x2.x14.x5. 
172 x1.x2.x15.x0. 
173 xb.x2.x15.x1. 
174 x1.x2.x15.x2. 
175 x1.x2.x15.x3. 
176 x1.x2.x15.x4. 
177 x1.x2.x15.x5. 
178 x1.x1.x3.x3.x0. 
179 x1.x1.x3.x3.x1. 
180 x1.x1.x3.x3.x2. 
181 x1.x1.x3.x3.x3. 
182 x1.x1.x3.x4.x0. 
183 xi.x1.x3.x4.x1. 
184 x1.x1.x3.x4.x2. 
185 x1.x1.x3.x4.x3. 


186 x1.x2.x13.x0.x0. 
187 x1.x2.x13.x0.x1. 
188 x1.x2.x13.x0.x2. 
189 x1.x2.x13.x0.x3. 
190 x1.x2.¥.13.x1.x0. 
191 x1.x2.«13.xL.x1. 
192 x1.x2.x13.x1.x2. 
193 x1.x2.x13.x1.x3. 
194 x1.x2.x13.x1.x4. 
195 x1.x2.x13.x2.x0. 
196 x1.x2.x13.x2.x1. 
197 x1.x2.x13.x2.x2. 
198 x1.x2.x13.x2.x3. 
199 x1.x2.x13.x2.x4. 
200 xi.x2.x13.x3.x0. 
201 xi.x2.x13.x3.x1. 
202 x1.x2.x13.x3.x2. 
203 x1.x2.x13.x3.x3. 
204 xt.x2.x13.x3.x4. 
205 x1.x2.x13.x4.x0. 
206 x 1.x2.x13.x4.x1. 
207 xb.x2.x13.x4.x2. 
208 x1.x2.x13.x4.x3. 
209 x1.x2.x13.x5.x0, 
210 xt.x2.x13.x5.x1. 


211 x1.x2.x13.x5.x2. 


212 xi.x2.x13.x5.x3. 


dd3nand 
dd3nand 
dd2nand 
dd3nand 
dd2nand 
dd3nand 
dd3nand 
dd3nand 
dd2nand 
dd3nand 
dd2nand 
dd3nand 
dd3nand 
dd3nand 
dd2nand 
dd3nand 
sinv 
sinv 
s2nor 
sinv 
sinv 
Sinv 
s2nor 
sinv 
dinv 
dinv 
d2nor 
dinv 
dinv 
diny 
dinv 
d3nor 
diny 
dinv 
dinv 
dinv 
d3nor 
dinv 
dinv 
diny 
dinv 
d3nor 
dinv 
dinv 
dinv 
d2nor 
dinv 
diny 
dinv 
diny 
d3nor 
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213 x1.x2.x13.x5.x4, 
214 xi.x2.x14.x0.x0. 
215 x1.x2.x14.x0.x1. 
216 x1.x2.x14.x0.x2. 
217 x1.x2.x14.x0.x3. 
218 x1.x2.x14.x1.x0. 
219 xb.x2.xI4xLxl. 
220 x1.x2.x14.x1.x2. 
221 x1.x2.x14.x1.x3. 
222 x L.x2.x14.x1.x4. 
223 x1.x2.x14.x2.x0. 
224 x1.x2.x14.x2.x1. 
225 x1.x2.x14.x2.x2. 
226 x1.x2.x14.x2.x3. 
227 x1.x2.x14.x2.x4. 
228 x1.x2.x14.x3.x0, 
229 x1.x2.x14.x3.x1. 
230 x1.x2.x14.x3.x2. 
231 x1.x2.x14.x3.x3. 
232 x1.x2.x14.x3.x4, 
233 x1.x2.x14.x4.x0. 
234 x1.x2.x14.x4.x1, 
235 X1.x2.x14.x4.x2. 
236 x1.x2.x14.x4.x3., 
237 x1.x2.x14.x5.x0. 
238 x1.x2.x14.x5.x1. 
239 x1.x2.x14,x5.x2. 
2A0 x1.x2.x14.x5.x3. 
QAI x1.x2.x14.x5.x4, 
242 x1.x2.x15.x0.x0. 
243 x1.x2.x15.x0.x1. 
2A4 xb.x2.x15.x0.x2. 
245 x1.x2.x15.x0.x3. 
246 x1.x2.x15.x1.x0. 
247 x1.x2.x15.x1.x1, 
2A8 x1.x2.x15.x1.x2. 
2A9 x1.x2.x15.x1.x3. 
250 x1.x2.x15.x1.x4. 
251 x1.x2.x15.x2.x0. 
252 x1.%2.x15.x2.x1. 
253 x1.x2.x15.x2.x2. 
254 x1.x2.x15.x2.x3. 
255 x1.%2.%15.x2.x4, 
256 x1.x2.x15.x3.x0. 
257 x1.x2.x15.x3.x1. 
258 x1.x2.x15.x3.x2. 
259 x1.x2.x15.x3.x3. 
260 x 1.x2.x15.x3.x4. 
261 x1.x2.x15.x4.x0. 
262 x1.x2.x15.x4.x1. 
263 x1.x2.x15.x4.x2. 
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264 x1.x2.x15.x4.x3. 
265 x1.x2.x15.x5.x0. 
266 x1.x2.x15.x5.x1. 
267 x1.x2.x15.x5.x2. 
268 x1.x2.x15.x5.x3. 
269 x1.x2.x15.x5.x4. 
Opening plot unit= 15 
file=drefresh1.pa0 


dinv 1.00 
dinv 1.00 
dinv 1.00 
dinv 1.00 
d3nor 1.00 
dinv 1.00 


** hspice file created for circuit drefresh: transient&power @ 25.0c 
****%** Operating point information tiom= 25.000 temp= 25.000 


KEKE 


*#*** Onerating point status is voltage simulation time is 0. 


node =voltage node =voltage node =voltage 
+ 0:1 = 2.0000 0:100 = 63.0000m 0:101 = 63.0000m 
+ 0:102 = 63.0000m 0:104 = 31.9639m 0:105 =720.7624m 
+ 0:106 =758.0773m 0:107 = -1.2402 0:108 = 104.3442m 
+ 0:120 = 5§2.0502m 0:121 = 52.0502m 0:122 = 52.0502m 
+ 0:130 = 9.6973u 0:200 =630.0000m 0:220 = 1.9872 
+0:221 = 1.9872 0:222 = 1.9872 0:230 = 1.9952 
+ 0:777 = -2.5000 0:888 = 2.0000 1:10 =633.6943m 
+ 4:11 = 11.3673m 1:12) =726.7178m 1:13 = 49.0605m 
+ 1:14 =692.6305m 2:12 =658.64l4m 2:13 =658.6414m 
+ 2:14 =658.64l4m 2:15 = 53.9658m 2:16 = 52.0088m 
42:17 = 32.4497m 2:18 = 32.4488m 2:19 = 52.0088m 
+ 2:20 = 32.4497m 2:21 = 32.4488m 2:22 = 52.0088m 
+ 2:23) = 32.4497m 2:24 = 32.4488m 2:25 = 17.6214u 
+ 2:26 = 17.6214u 2:27) = 17.6214u 2:28 = 629.9885m 
+ 2:29) =629.9926m 2:30 =629.9967m 2:31 = 48.907lu 
+ 2:33 =630.0137m 3:55 = 1.9872 4:55 = 1.9872 
+5:55 = 1.9872 6:5 = 1.9952 7:8 = 1.2978 
+89 = 53.4430m 9:9 = 1.3829 10:8 = 57.9851m 
4#11:9 = 13554 12:9 = 56.850lm 13:9 = 1.3747 
+146 =636.2190m 14:9 = 58.0085m 15:6 = 1.3578 
415:7 =652.5236m 15:9 = 74.9274m 15:10 = 230.8765m 
+15:11 = =-504.6670m 15:12 = -1.5552 15:13 = -1.8701 
+15:14 = -2.1851 15:25 = 1.9694 16:6 =-347.6985m 
+16:7 = -1.0403 16:9 = 1.9988 16:10 = 1.5987 
+16:11 = 851.5057m 16:12 =-546.7419m 16:13 = -1.1978 
+16:14 = -1.8489 16:25 = 87.5051m 17:8 = 31.9352m 
+17:9° =692.6027m 17:10 = 10.5772m 17:11 = 10.5781m 
+17:12) = 10.5790m 18:7 = 78.5842m 18:8 =635.5417m 
+18:9 =607.4009m 18:10 = 58.7776m 19:11 =624.0781m 
+19:12) = §2,0115m 19:13 = 52.0127m 19:14 = 52.0115m 
+19:15 = $2.0127m 19:16 = 32.4480m 19:17) = 52.0127m 
+ 19:18 = 52.0127m 19:19 = 26.2560m 19:20 = 52.0509m 
+19:21 = 52.0488m 19:22 = 52.0458m 19:23 = 52.0115m 
+24:10 =658.6317m 24:11 = 53.9637m 25:10 =653.5035m 
+25:11 = 653.6595m 26:10 = 52.0534m 26:11 = 653.6593m 
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+ 28:10 =653.5035m 28:11 = 653.6595m 29:10 = 52.0534m 
+29:11 = 653.6593m 29:12 = 653.6593m 30:10 =658.6317m 
+30:11 = 53.9637m 31:10 =653.5035m 31:11 =653.6595m 
+32:10 = 52.0534m 32:11 =653.6593m 32:12 = 653.6593m 
+ 33:7 = 658.5020m 34:7 = 658.5020m 35:7 =658.5020m 
+46:6 = 33.9796m 46:9 = 58.0085m 49:9 = 1.3553 
+5099 = 53.9676m 51:9 = 53.9669m 52:9 = 53.9663m 

+ 53:8 §6.8134m 54:9 = 678.3717m 55:7 = = 631.5533m 

+ 55:8 678.6259m 55:9 = 65.8780m 58:7 =622.4007m 
+58:3 =652.8533m 58:9 =652.6687m 60:10 =658.7911m 
+60:11 = 54.9626m 61:10 =658.7914m 61:11 = 53.9676m 
+62:6 =658.5363m 63:10 =658.79lim 63:11 = 54.9626m 
+64:10 =658.7914m 64:11 = 53.9676m 65:10 =653.6590m 
+65:11 = 53.9669m 65:12 =653.6590m 66:7 =658.4423m 
+67:10 =658.7914m 67:11 = 53.9669m 68:10 =658.7914m 
+68:11 = 53.9676m 69:10 =651.6432m 69:11 = 651.6432m 
+69:12 =651.6432m 69:13 = 53.9663m 70:10 = 54.9626m 
+70:11 =658.7911m 71:8 =658.3019m 72:9 = 52.0506m 
+72:10 =624.0440m 72:11 = 636.5449m 72:12 =636.5992m 
+73:9 = 52.0506m 73:10 =624.0440m 73:11 =636.5449m 
+ 73:12 =636.5992m 74:9 = 52.0506m 74:10 =624.0440m 
+74:11 = 636.5449m 74:12 =636.5992m 113:8 = 1.4067 
+114:6 = 6.0274m116:6 = 32.7632m117:6 = 48.4090m 
+118:6 = 36.3487m 119:6 = 58.4402m121:6 = 8.5683m 
+122:6 = 10.5824m122:7 = = 684.7784m 122:9 16.3579m 
+123:6 = 692.7547m 123:7 = = 32.0179m 123:9 16.3022m 
+160:10 = 53.0867m 160:11 = 54.9689m 160:12 =658.5204m 
+161:10 = 651.5335m 161:11 =651.642im 161:12 =651.5924m 
+161:13 = 26.2529m 162:10 = 54.9689m 162:11 =658.7304m 
+162:12 = 53.0867m 162:13 = 51.9668m 163:10 = 53.0929m 
+163:11 = 653.656lm 163:12 = 653.5469m 163:13 = 32.4387m 
+164:10 = 54.9689m 164:11 = 53.9676m 164:12 =640.4275m 
+165:10 = 653.6591m 165:11 = 653.6591m 165:12 = 53.0929m 
+165:13 = 32.4484m 166:10 = 53.0867m 166:11 = 54.9689m 
4+166:12 = 658.5204m 167:10 =651.5335m 167:11 =651.6421m 
+167:12 = 651.5924m 167:13 = 26.2529m 168:10 54.9689m 
+168:11 = 658.7304m 168:12 = 53.0867m 168:13 51.9668m 
+169:10 = 53.0929m 169:11 = 653.656l1m 169:12 =653.5469m 
+169:13. = 32.4387m 170:10 == 54.9689m 170:11 = 53.9659m 
+170:12) = 640.4275m 171:10 =653.659im171:11 =653.6591m 
4171:12) = 53.0929m 171:13 = 32.4484m 172:10 = 53.0867m 
$172:11 = 54.9689m 172:12 = 658.5204m 173:10 = 651.5335m 
+173:11 == 651.6421m 173:12 = 651.5924m 173:13 = 26.2529m 
4174:10 = = 54,9689m 174:11 = 658.7304m 174:12 = 53.0867m 
+174:13) = 51.9668m 175:10 = 53.0929m 175:11 = 653.6561m 
+175:12 = 653.5469m 175:13 = 32.4387m 176:10 = 54.9689m 
$176:11 == 53.9663m 176:12 =6404275m 177:10 = 653.6591m 


+ 26:12 = 653.6593m 27:10 =658.6317m 27:11 = 53.9637m | 


4177:11 = = 653.6591m 177:12 = = 53.0929m 177:13 32.4484m 
+178:9 = = 52.0275m 179:9 = = _ 53.9637m 180:8 = 1.3479 
4181:9 = 55.0192m [82:9 = 52.0302m 183:9 = 1.3559 
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4184:8 = 56.8710m 185:9 = «1.2949 


Opening plot unit= 16 
file=drefresh 1 0 


** hspice file created for circuit drefresh: transient&power @ 25.0c 
*#4*** transient analysis tnom= 25.000 temp= 25.000 
CEE RE 
avgpwr = -4.3741E-01 from= 0.0000E+00 to= 8.0000E-08 
vimax = 6.3000E-01 at= 4.3000E-09 
from= 2.0000E-09 to= 2.0000E-08 
vimin = 6.3000E-02 at= 2.0000E-09 
from= 2.0000E-09 to= 2.0000E-08 
vmax = 64008E-01 at= 1.4419E-08 
from= 2.0000E-09 to= 2.0000E-08 
vmin = 5.0554E-02 at= 4.3589E-09 
from= 2.0000E-09 to= 2.0000E-08 


tphl = 1,2046E-09 targ= 3.1349E-08 trig= 3.0145E-08 

tplh = 1.0436E-09 targ= 2.2781E-08 trig= 2.1737E-08 

trise = 3.5483E-10 targ= 2.3016E-08 tig= 2.2661E-08 

tfall = 1,3193E-10 targ= 3.1419E-08 trig= 3.1287E-08 

tdelay = 1,0060E-09 targ= 2.2743E-08 trig= 2.1737E-08 
*#*** job concluded 


totalcputime § 1930.53 seconds 
job started at 20:28:46 3-feb93 
jobended at 21:35:50 3-feb93 


I am done with drefresh1 sp 
Wed Feb 3 21:35:51 PST 1993 


N. Listing File for DECODDRVER Transient Analysis @ 25.0C 


Using: /tools3/cad/meta/h9007 /sun4. 1 /hspice 

lic: license granted by the license server for hspice 

lic: from permit file: jAools3/cad/meta/h9007 /permit.hsp 

reading install configuration file: /tools3/cad/meta/h9007/meta.cfg 

reading design configuration file: ddrver1.cfg, 

setting user memory from config file to 1000000 words. ( 8000000 bytes) 


eeaeee® hspice 9007d 18:44:12 4-feb93 sun 

** hspice file created for circuit decoddrver: transient& power @ 25.0c 
****** Copyright 1990 meta-software.inc. *****site: 

***#*** input listing 

mem eK 

* hspice.ini 

** technology: edgaas 

** standard 16-to-1 ratio of pull-down-to-pullup is used 
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EREREKAKERKEEAEKKEBKRECKKAMBRERKAEAEARAEAKECKEACAKKEKAKKERES 
EREREREKEKKERSKERKEERAERAEKHEKKSEKARKAESAREEKARAKEEEAESES 
* subcircuit sbfi 2-input nor 

* ina inb output power ground 

subckts2morr 1 2 3 4 5 

*dgs 

j08 15 0 jfet04 1=1.2 w=48.0 

j1 825 0 jfet04 I=1.2 w=48.0 

j248 8 0 jfetl6 l=1.2 w=3.0 

j3 48 3 0 jfetO4 I=1.2 w=48.0 

34325 0 jfet04 l=1.2 w=48.0 

55315 0 jfet04 l=1.2 w=48.0 

.ends s2nor 


REKHEBEKEMKKERAKKKAREKAAEERKAEKA EKA EAKEEKE KEKE KAKAKAKAKES 
HH Me AM EH HR HK HE KAKA HK AAKKEKKHARKEKKKKKKESAKKARAKERAEKK 
* subcircuit dcfl with sbfl outputs d flip-flop 

hailed d clk q /q power ground 

subckt sdff12345 6 

** shfi d flip flop 

* ina inbd clk q /q out power ground subname 

x0 1978 5 6 dlatch 


xl 2 95 6 dinv 

x2 9 105 6 dinv 

x3 71034 5 6 5 sdlatch 
ends sdff 


MAKKAH CKRAEKAKRAKARAKA KKK RK KKK ERK AK AKEAKEEEKE A 
REA AKAK KKK KK AKAKKACAKEK KKK KAA KKEAKKKKEKRKKKEKKKEKKE 
* subcircuit sbfi 4-input nand 

* ina inb inc ind output power ground 

subckt ss4nand 1 234 5 6 7 

* ina inb inc ind out pwr gnd subname 


x0 1 9 6 7 sinv 
xl 2 10 6 7 sinv 
x2 3 11 6 7 sinv 
x3 4 12 6 7 sinv 
x49 10 11 12 8 6 7 s4nor 
x5 8 5 6 7 sinv 
ends ss4nand 


KEKKKEKEKKKAKKEKAAKAKAKAKAKAKAAKAKEKRAKEAKAKERKERAKKKEKKKERK EK 
RH HH HK HR RK KEK KAKA KEREREEKAHEREKE AKER HEK 
* subcircuit sbi 2-input nand 

= ina inb output power ground 

subcktss2Qnmand 1 2 3 4 5 

* ina inb out pwr gnd subname 

x0 1 9 4 § sinv 

xl 2 6 4 5 sinv 

x29 6 7 4 § s2nor 

x3 7 3 4 5 sinv 

.ends ss2nand 


MEERA EERE KH AHA MAREE REE HEAR KEK REM ERK 
RRR EERERERE REE REESE REE ERE EE 
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* subcircuit dcfl sd-latch using generic gates 


* d clk q /q power ground 
subckt sdlath 1234 5 6 
** sbfl d latch ** 


* ina inb output power ground subname 
x0 1 2 8 5 6 d2nand 


xl 1 7 § 6 dinv 

x2 279 #=+5 6 d2nand 
x3 8 4 3 £45 + 6 ss2nand 
x49 3 4 #=5 6 ss2nand 
ends sdlatch 


KLEKEKEKARKAKEKKKEKAKSEKAKKAKKHKRARKESARKEKKSEKAKKSEKKKARKAEKESE 
KKKKAKKKEKAEKKKKKEKAKKAEKEKKKEKKEKKSEKSERAEKKARKAATEEEERERE 
* subcircuit defi d-latch using generic gates 

* d clk q /q power ground 

subckt dlatch 1234 5 6 

* ina inb output power ground subname 


x0 1 2 8 5S 6 d2nand 
xl 1 7 5 6 dinv 
x2 279 #5 6 d2nand 
x3 8 4 3 5 6 d2nand 
x49 3 4 #5 6 d2nand 
ends diatch 


RKKKAKEREKAKMERAMKKKKKAKARAKRRKKAKERAKRAEKAAKAARAREA REESE 
RERAAKKKKRKKKKEREKEEKREE KKK CCK KKAKEAKAKAKARKAKKAKKEKKEKE 
* hspice defi 2-input real nand subcircuit 

* ina, inb, output, power, ground 

subcktd2nand 1 2 3 4 =§ 

*dgsb 

j0433 5 jfetl6 1=1.2 w=6.0 

j13 165 jfet04 1=1.2 w=192.0 

j2625 5 jfet04 I=1.2 w=192.0 

ends d2nand 


RREKEKKEEKRKEKEEKKEKELRKY EAEKKEKKEREEKKAKK KAA KERERKAKARAT KK 
ERAEEKKKKKEAKKAKEKAEKKAAKEARKEKA ERK KEAREAAERRERAKEKEKE EK 
* subcircuit sbfi 3-input or 

* ina inb inc output power ground 

subckts3on 1 2 3 4 5 6 

* ina inb inc out pwr gnd subname 

x0 1 2 3 7 5 6 s3nor 

xl 7 4 5 6 siav 

ends s3or 


ERKAKKEEEKARREEEERK ERK ERE KEK EKERKKEREAEKRAKAKKAKA KKK ERE 
MEM AER HM HR ME HR HE HR EH CE EK HER KEK EERE 


* subcircuit sbfl 4-input and 
* ina inb inc ind output power ground 
subcktss4and 12345 6 7 

* ina inb inc ind out pwr gnd subname 

x0 | 9 6 7 sinv 

xl 2 10 6 7 sinv 

x2 3 11 6 7 sinv 
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x3 4 12 6 7 sinv 
x49 10 11 12 5 6 7 stom 
ends ss4and 


ERKLKEKREREAKARREEKEKERKERKRAASERSE KARE KKK ESAE EKA RES SEKEESE 
MEREKKREKEKKEREKEANSERKEKEKEKAAEKSKEAKKEEKEKAAKESKAREKECRETEK 


* subcircuit sbfl 4-input nor 

* ina inb inc ind output power ground 
subckts4nor 1234 5 6 7 

* dgs 


jO 817 0 jfet04 I=1.2 w=48.0 
jl 82 7 0 jfet04 l=1.2 w=48.0 
j2 83 7 0 jfetO4 l=1.2 w=48.0 
j3 847 0 jfet04 l=1.2 w=48.0 
4 68 8 0 jfetl6 l=1.2 w=3.0 
15 68 5 O jfet04 l=1.2 w=48.0 
j6 517 0 jfet04 I=1.2 w=48.0 
j7 5270 jfet04 l=1.2 w=48.0 
j8 53 7 0 jfet04 l=1.2 w=48.0 
j9 5470 jfet04 l=1.2 w=48.0 
ends s4nor 


RERKKEAKERAAKKAKEMKEAKEKAKKKARAEAAAKRKAKKKKEKREKKEKAEKEERAAKE 
RAKEKKAKKERKKKKLAAKAKAAAREKKARHKAKAKKEKAKKHERKEKKAKKKEKEKERKARE KH 
* subcircuit sbfl 3-input nor 

= ina inb inc output power ground 

Subckts3nor 1 2 3 4 «5 6 

*dgs 

j0 8 1 6 O jfet04 1=1.2 w=48.0 

j1 826 0 jfet04 1=1.2 w=48.0 

j2 8 3 6 0 jfetO4 l=1.2 w=48.0 

j3 5 8 8 0 jfetlé l=1.2 w=3.0 

J45 84 0 jfet04 l=1.2 w=48.0 

j5 4160 jfet04 I=1.2 w=48.0 

j6 42 6 0 jfet04 1=1.2 w=48.0 

j7 43 6 0 jfet04 l=1.2 w=48.0 


ends s3nor 
RARER AKREKKEKAAEKA AAA KKEARAAKKARAK ERK REMAKE KEK RK 


KAKA RERKRRAKAKEKKAKEREARKAEKRRAKA RAKE KEKKAKKEKEREKEKAERERE 
* subcircuit sbi 3-input and 

* ina inb inc output power ground 

subckt ss3and 1 2 3 4 #5 6 

* ina inb inc out pwr gnd subname 

x0 1 9 5 6 sinv 

x1 2 10 5 6 sinv 

x2 3 115 6 sinv 

x3 9 10 11 4 5 6 s3nor 


ends ss3and 
REKKEKRERKKEE AKER RERAAAEAKEAKAKKKEKREEAEKKEEERKERERERKK 


RHEE HHA AEE EKERAERAEERAREARKEAEKEERAKEREKEREK 
* subcircuit defi 2-input or 


* ina inb output power ground 
subcktdd2or 1 2 3 4 5 
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* ina inb out pwr gnd subname 
x0 1 2 6 4 § d2nor 

xl 6 3 4 5 dinv 

ends dd2or 


KEKKEAKAKKCKKKCRAKKKCR KA SKARKEAKSEAAKARREALHKAREKARERERAEKEREAE 
RKEKKEKKBKKEKAKKRAKKAEEKKAKEEKAEERARKEAEAAAKARESAEAKALERAKKSE 
* hspice defi 3-input nor subcircuit 

* ina, inb, inc, output, power, ground 

subcktd3nor 12 3 4 5 6 

*dgsb 

j0544 6 jfetl6 l=1.2 w=6.0 

314 1 66 jfet04 l=1.2 w=96.0 

j2 4 2 6 6 jfet04 l=1.2 w=96.0 

53 43 6 6 jfetO4 I= 1.2 w=96.0 

ends d3nor 

MMAR KEKE EKER KNACK EEA KEKE EKER ERA EAKKERAEE 
* hspice defi 3-input demorgan and subcircuit 

a ina, inb, inc, output, power, ground 

subcktddi3and 12 3 4 5 6 

x0 1 105 6 dinv 

x12 11 5 6 dinv 

x23 12 5 6dinv 

x3 101112 45 6d3nor 

ends dd3and 


RRA AKAKCAKKARKAKAEAKKERAKA KAKA HKKRACAKAKKACKAKAAKKAKKKKEEAE 
WH MA He MH A RM eH RH AK ARM KK ARK KK KAKA RAKE KEKE KK 

* subcircuit defi 3-input or 

* ina inb inc output power ground 

subcktdd30or 1 2 3 4 5 6 

* ina inb inc out pwr gnd subname 

x0 12 3 7 5 6 d3nor 

xl 7 4 5 6 dinv 

ends dd3or 


RAK KR KAKEKA EKA AKA KKAEKKKAKRKKAEAEKKKKERKSESKEEKAKKERKEKK 
KEKE KKK KAKA K EKA KEKAKAAKKKKKEKEKAKAKKKKSKAEKEKKHEAKKAEKKKAREKKHE 
* hspice defi 4-input nor subcircuit 

* ina, inb, inc, ind, output, power, ground 

subcktd4nor 12 3 4 5 #6 #7 

*dgsb 

j0655 7 jfetl6 l=1.2 w=6.0 

jl 5177 jfet04 l=1.2 w=96.0 

j25277 jfet04 l=1.2 w=96.0 

j3 5377 jfet04 l=1.2 w=96.0 

345477 jfet04 l=-1.2 w=96.0 


ends d4nor 
MR ee HRM He He He HH HH ARE KEK KA RRAER AKAM EE REKKEKA KEKE EEK 


REREREKREEERARERKEHREEK EE RKAKKAKKEKCK REAR EKKKASERRAKAEEEKERE 
* subcircuit defi 4-input or 

* ina inb inc ind output power ground 

subcktdd4or 1234 5 6 7 





* ina inb inc ind out pwr gnd subname 
x0 123 4 8 6 7 dna 

xl 8 5 6 7 dinv 

ends dd4or 


MEREREREREEKAERE EERE KSKARAKEARARAESKKSERRAEKRAREKAKECACKAESE 
KEERERRERKKRAERSEKEKEREEKKAKKAEKTEEAREKEEREKRAKAKERSKAKERKALKE 


* hspice defi 4-input demorgan and subcircuit 


* ina, inb, inc, ind, output, power, ground 
subcktdd4and 1 2 3 4 = § 6 $7 

x0 | 1067 dinv 

x12 1167 dinv 

x23 12 67 dinv 

x34 13 67 dinv 

x4 10111213 5 67 d4nor 

ends dd4and 


REKKEKKERKKKKEKKKHKAKAKEKEKEREKEKAKAKKAEKREERSEKKAKEREREKE 
AE ARERR KEAE AEA AKER EEE ERERARERERERREREH 
* subcircuit hspice dcfl clear d flip flop 

* wakerly pg 363 - 31july 1992 

wee dclkclr q /q power ground 

subcktcpdff 12345 6 7 

x0 12 10 9 6 7 dd2nand 

x1 93 2 10 6 7 dd3nand 

x2 10 2 12 116 7 dd3nand 


x3 113 1 12 6 7 dd3nand 
x4 10 5 4 6 7 dd2nand 
x5 4311 5 6 7 dd3nand 


ends cpdff 


ERRREKKEAEKEKKREERERKERKEK EEA KAKKARAKAAKREREEARAREKAREEK 
RERERMEKEREKEAHEEREEKEERA KE EKER KARE EKREKAEKELAKEKKAEEREKE 


* hspice defl 2-input demorgan nand subcircuit 


: ina, inb, output, power, ground 
subcktdd2nand 1 2 3 4 5 
x01 1045 dinv 

xi2 1145dinv 


x2 1011 12 45 d2nor 
x312 3 45dinv 
ends dd2nand 


Pr rrr rr irri peer ire rr rer rere rr errt titi er ir itt tet iti st ts 4 
REREREREBEREEKAEKRERERAKRAEEEEKEKKEREEEEAREKREEKREEREEKKEKEE 
RERKCMEAREKEKEMEKERAKKCKEKKAAKKRKKEKEAEKAKETSEKKREKREKEKKECKKEKEK 
* hspice dcfi 3-input demorgan nand subcircuit 

ag ina, inb, inc, output, power, ground 

subcktdd3nand 1 23 #4 5 6 

x0 1 105 6 dinv 

x12 11 5 6dinv 

x23 12 5 6 dinv 

x3 10 11 12 13 5 6 d3nor 

x413. 4 56dinv 

ends dd3nand 


REEKKRREEKSKEKKREKKEKREREKAAERKKARERAAREREKEKEERAREKARRERECESE 


338 











RRRRKAKEAEAKAKSKCALCCKAKSERERKAKKEKSESEKKAAKEAKKKERKEKAKAEREEESRERE 
* hspice dcfl 2-input nar subcircuit 

* ina, inb, output, power, ground 

subcktd2n0r 12 3 #4 =«§ 

*dgsb 

jO0433 5 jfetl6 1=1.2 w=6.0 

j13 15 5 jfetO4 l=1.2 w=96.0 

j2325 5 jfet04 l=1.2 w=96.0 

ends d2nor 
RERKKKKEKAKEAEAKAHKAKSEAKEKAKARKAKKEKRKAKRAKAKERAKAKARKREARAEKARBREEAEEK 
* hspice dcfl 2-input demorgan and subcircuit 

* ina, inb, output, power, ground 

subcktdd2and 12 3 4 5 

x01 1045 dinv 

xl2 1145dinv 

x2 1011 345 d2nor 

ends dd2and 


KREKKEKKERKAKHKKEKK KA RKHK AKA LEK K EKA AEE ERASE ERKEAKKERE SK 
RARER EEK RHEE KEKE AK KKK KAKA RKERHEKE REE KEKE REESE RK 


* subcircuit level-shifter to drive dfets 
* use hspice diode models for backconnected mesfets 


i input output vds vss 

subcktlvl 1 2 3 4 

* dgis b 

x0 1 25 3 0 dinv 

jl 3 25 6 4 jfet04 l=1.2 w=20.0 
j2 76 7 4 diol6 l=1.2 w=4.0 
j3 7 4 4 4 jfet20 1=3.0 w=3.0 
j4 39 9 4 = jfeti6 l=1.2 w=3.0 
js 97 O 4  jfetl6 l=1.2 w=10.0 
j6 3 9 10 4 jfett6 l=1.2 w=20.0 
j7 11:10 11 4 = diol6 1=1.2 w=20.0 
j8 2 11 2 4 diol6 l=1.2 w=20.0 
j9 24 4 4 = jfetl6 l=1.2 w=12.0 


jl0 122 12 4 diol6 1=1.2 w=10.0 
jill 13 12 13 4 diol6 1=1.2 w=10.0 
ji2 1413 14 4 diol6 1l=1.2 w=10.0 
ji3 4 14 4 4 diol6 1.2 w=10.0 


ends lvl 
EREKKKAEAKAKKEKERREKEKAEAAKAKEKKAEKRERKEAKRAKAREEKKEAKAKARKAK 


RRECEKKREKERAEREEA HAAR ARERR EARS EARS IE 
* hspice defi inverter subcircuit 

bg input, output, power, ground 

subcktbdinv 1 2 3 4 

* dgsb 

jO0322 4 jfet20 |=3.0 w=40.0 

ji2 144 jfetO04 I=1.2 w=240.0 

ends bdinv 

BAER EEBEK KAR EB HHH ERA KKK ERK ERE KEES KE RK EEE ACK 
* subcircuit sbfl 2-input nor 

= ina inb output power ground 
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subckt bstmor [1 2 3 #4 5 
*dgs 

j0 8 15 0 jfet04 I=1.2 w=180.0 

41825 0 jfetO4 l=1.2 w=180.0 

42488 0 jfetl6 l=1.2 w=10.0 

j348 3 0 jfet04 l=1.2 w=224.0 

j4325 0 jfetO4 l=1.2 w=224.0 

j53 15 0 jfet04 l=1.2 w=224.0 

ends bs2nor 
RRAKKKKAAKAKKKKHKAKBKKKAKAHAKKAKKAKKEETAKHKKKKKCKHE KK KAKKKEKKA RH 
* subcircuit sbfl 2- input and 

. ina inb output power ground 
subcktbs2and 1 2 3 4 5 

* ina inb out pwr gnd subname 

x0 1 9 4 5 bdinv 

xl2 6 4 5 bdinv 

x29 6 3 4 5 bs2nw 

ends bs2and 


346 Hee ae He HEHE Re He He He eH HH RE EK EK EK KH KK EE KK EEK EK 
KARKKEKERAKEKKEEKKKKEKERKKAKKEKAKEAKKEKKSEKKKKKEKKEEEEESREKEEEK 

* subckt hspice sbfl lange 2-input nor 

* ina inb output power ground 

subcktcsnor 1 2 3 4 5 

*dgsb 

j08 15 0 jfet04 l=1.2 w=144.0 

j1 825 0 jfet04 l=1.2 w=144.0 

j248 8 0 jfeti6 l=1.2 w= 9.0 


j3.4.8 3 0 jfet04 I=1.2 w=144.0 
j4.3 25 0 jfet04 I=1.2 w=144.0 
j5 3 15 0 jfet04 1=1.2 w=144.0 


ends csnor 
3 ATR 9 Re RRR eR ie RR I Ri ae ee ea IO i ok ek i 2 Ro 


* hspice sbfl extra-large driver-inverter subcircuit 
* input, output, power, ground 
subcktssinv 1 2 3 4 

*dgsb 

j09 1 4 0 jfet04 [=1.2 w=768.0 

jl 399 0 jfetl6 [=1.2 w= 48.0 

j2392 0 jfet04 I=1.2 w=768.0 

j3 2 14 0 jfet04 I=1.2 w=768.0 


ends ssinv 
MMB A MAM AE HAA ER AEH ee A ae He he AC a a i eR EO EH IO 


SREKKERREBEEERRKEMARH KLE RRR ERK KER EKAKAKK ERK KKKKH SKK 
* hspice sbfl large driver-inverter subcircuit 

- input, output, power, ground 

subcktcsinv 1 2 3 4 

*dgsb 

j09 14 0 jfet04 1=1.2 w=256.0 

j1 3.99 0 jfetl6 l=1.2 w= 16.0 

j2392 0 jfet04 l=1.2 w=384.0 

j3. 214 0 jfet04 l=1.2 w=384.0 








.ends csinv 
BREKEAKKAKRKKKARKKKARKKKEKKKEKREKEKRECKKERKKKRAKAKKKKAKASEKAKSEK 


* subcircuit delay generates fee d 

* input output power ground 
subcktdelay 1 2 3 4 

* ina inb out power ground subname 


xd 1 9 3 £4 =~ Obdinv 
xl 9 6 3 £4 = Obdinv 
x2 1 6 2 3 £4 = bs2and 
ends delay 


RE HCG HR HC HM He AH a he he ee I HC EE OK A HHA KER EK KEKE KEE RK 


* subcircuit for hspice two-phase sbfl clock 

* inclk ph! ph2 ph2d phll ph2id power! power2 ground 
subcktclok 123 4 5 6 7 8 9 

* ina inb out pwr gnd subname 

x0 1 2 107 9 csnor 

xl 10 117 9 ssinv 

x2 11 3 7 9 ssinv 

x3 123 137 9 csnor 

x413 147 9 ssinv 

x5 14 2 7 9 ssinv 


x6 1 127 9 csinv 
x73 479 delay 
x82 57 8 Wi 
x94 #67 8 Wi 
ends clock 


MR a a ee HK KAR KK HAE AK KKK KKK RKAEKAEKKAKHE KKK AKARKKERA AKA EERE 
RR AEE HM HE HH He A I Oe He HH HK EK HK HAA REAR KE ARE EKER EK KR 
* hspice defl inverter subcircuit 

* input, output, power, ground 

subcktdinv 1 2 3 4 

*dgsb 

j03 22 4 jfetl6 l=1.2 w=6.0 

jl2 144 jfet04 l=1.2 w=96.0 

ends dinv 
RERKEEKKEERAKKEEAK ERK KEKE EAKEKKKAARKAK EEE KKEKRKKERAKKKKARKKE 
* hspice d mesfet load subcircuit 

* input, power, ground 

subcktdmlOload 1 3 4 

j03 14 4 jfetl6 1=1.2 w= 10.0 

jl 3 144 jfetl6 l=1.2 w= 10.0 

j23 144 jfetlé l=1.2 w= 10.0 

j33 14 4 jfetl6 i=1.2 w= 10.0 

443 14 4 jfetl6 l=1.2 w= 10.0 

j53 144 jfetl6 l=1.2 w= 10.0 

j63 14 4 jfetl6 1=1.2 w= 10.0 

j73.14 4 jfetl6 1=1.2 w= 10.0 

j83 14 4 jfetl6 I=1.2 w= 10.0 

j93 144 jfetl6 [=1.2 w= 10.0 

ends dm1Qload 


RRA E EERE KARE REE BEEK EERE EKER KEK ERE EEE ERE KARR EES 
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RKAKKKHEKEAKEAEREKEKKEKREESKELATEKECKSEEEKKAEKKSEKKEAKEAEAEEERSE 
* subcircuit sbfl inverter 

: input, output, power, ground 

subcktsinv [| 2 3 4 

*dgs 

j09 14 0 jfetO4 I=1.2 w=438.0 

jl 399 0 ffetl6 l=1.2 w=3.0 

j2392 0 jfer04 l=1.2 w=48.0 

J32 140 jfet04 l=1.2 w=48.0 


ends sinv 
KKK RAK KR AK AKRAM KEM RH KKAE RE K 


RAKE KERB EERE ERA AKA AERA EKEEREEEERAEARE EEE EK EE 


* hspice sbfl standard load subcircuit 
* input, output, power, gromd 
subckt s1Qload 1 2 3 4 
x015 34sinv 

x112 34 sinv 

x216 34sinv 

x3 17 34sinv 

x418 34sinv 

x5 19 34sinv 

x6 1103 4 sinv 

x7 11134 sinv 

x8 1123 4sinv 

x9 1133 4sinv 

ends sIQload 


PEE ET PTT P ETE SPP TES FT ET CET CP ET TTT ET TE PT TTT Pee Pt tT Tt ttt St ttt 
RMRAMA HIKER HRM HH HH KK HA HRM ROK A OE BOR KE OK KE OR 

* subcircuit dcfl counter using clear/preset d fps - cpdif 

+ enble clk q0 q1 q2 /q0 /q! /q2 power ground 
subcktcounter!1 2345678 9 10 

*** ina inb inc ind d clk q /q out power ground subname 


x0 1 119 10° dinv 

xl 3 11 12 9 10 dd2and 
x2 | 6 13 9 10 dd2and 
x3 12 13 20 9 10° dd2or 
x4 4 1) 14 9 10. dd2and 
x5 4 6 15 9 10 dd2and 
x6 3 7 1 16 9 10 = dd3and 
x7 14 15 16 21 9 10 dd3or 
x8 5 7 17 9 10 = dd2and 
x9 5 6 18 9 10 dd2and 
x10 13 4 8 19 9 10 dd4and 
xll 115 23 9 #10 + dd2and 
x12 17 18 19 23 22 9 10 = dd4or 
xl3 202 1 3 6 9 10 cpdff 
xl4 212 1 47 9 10 cpdff 
x15 22 2 1 5 8 9 10 cpdff 
ends counter 


TEST iLe riser rir reser rt errr rr rir er orrer ic iter ier icerre ry 
ERMA RAE EERE EEE REE EE EH KE RE EEE 
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* subcircuit non-latched sbfi/dcfl combination decoder 

Sete a0 al a2w 1 re Qo! 02 03 04 05 06.07 enbl pwr grnd 
subckt decoder 1 23456789 1011121314 15 16 17 

* inainbinc ind output power ground subname 


xl 1 20 16 17 dinv 
x2 2 18 16 17 dinv 
x3 3 19 16 17 dinv 
x4 456 15 16 17 s3or 


x5 2018 1915 7 16 17 sséand 
x6 1 181915 8 16 17 ss4and 
x7 202 1915 9 16 17 ss4and 
x8 1 2 19 15 10 16 17: ss4and 
x9 §=6©.20 18 3: 15 11 16 17: ss4and 
xl0 1 183 15 12. 16 17 ss4and 
xll 202 3 15 13. 16 #17: ss4and 
xl2 123 15 14 16 17 ss4and 
ends decoder 


REAR KKKKAHERAKRAAAKAAKAKKEAKAAAKEKKAEKRAKEKAKEKKEAERAKAEAREK EK 

MRR K EK AARC ERAERERAKEK SEERA AEEAAR EEE RE 

* subcircuit dcfi/sbfl combination refresh circuit 

7 refresh ph 1 clock a0 al a2 ao0 aol ao2 mrefresh power g ound 
subcktdrefresh 1 2 345678 9 #10 11 

*** ina inb inc ind d clk q /q out power ground subname 


x0 15 28 29 30 31 10 11 ss4nand 
xl 312 9 33 10 11 sdf 

x2 31 2 25 26 27 28 29 30 10 11 counter 
x3 3 12 10 11 dinv 

x4 4 13 10 11 dinv ie 
x5 5 14 10 11 dinv 

x6 | 15 10 11 dinv 

x? 3. 33 16 10 11 dd2and 

x8 3 25 17 10 11 dd2and 

x9 12 259 18 10 11 dd3and 
x10 4 33 19 10 11 dd2and 

xll 4 26 20 10 11 dd2and 

x12 13 269 21 10 11 dd3and 
x13 5 33 22 10 11 dd2and 
x14 5 27 23 10 11 dd2and 

xl5S 14 279 24 10 11 dd3and 
x16 16 17 18 6 10 11 dd3or 

xi7 19 20 21 7 10 11) dd3or 

x18 22 23 24 8 10 11 dd3or 


ic v(25)=0.0 v(26)—0.0 v(27)=0.0 v(3 1)=0.0 v(9)=0.0 
+ v(28)=0.63 v(29)=0.63 v(30)=0.63 v(33)}=0.63 
ends drefresh 


FOUR IO IOI III IOI IOI I I SRO ICO SRR IO ROE Be 

EE Hee he ee eM eH Ee EK EAR HEA EKA EAA EKER EERE ME KEKE EES EE 

* subcircuit decoder/driver ‘decoddrver’ 

** 123 45 67 8 9 10 11 12 13 14 15 16 17 181920 

** ph2d aoO aol ao2 mref mr mw da dal da2 da3 da4 da5 da6 da7 evu odu ev od pw 
r 
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subckt decoddrver 123456789 10 11 12 13 14.15 16 17 18 19 2021 22 
*** ina inb inc ind d clk q /q out enbl pwr bulk subname 
x0 2 34765 3031 32 33 3435 363750 20 22 decoder 


xl 2 48 20 22 dinv 

x2 2 150 17 20 22 ss3and 
x3 48 150 16 20 22 ss3and 
x4 301 40 20 22 dd2and 
x5 31 1 41 20 22 dd2and 
x6 32 1 42 20 22 dd2and 
x7 33 1 43 20 22 dd2and 
x8 34 1 44 20 22 dd2and 
x9 35 1 45 20 22 dd2and 
x10 36 1 46 20 22 dd2and 
xll 37 1 47 20 22 dd2and 
x12 40 8 20 21 Wil 

x13 41 9 20 21 Wi 

x14 42 10 20 21 Wi 
x15 43 11 20 2! Wi 
x16 44 12 20 21 Ii 
x17 45 13 20 «21 Wi 
x18 46 14 20 «21 «Wi 
x19 47 15 20 21 Il 
x20 16 18 20 21 Ii 

x21 17 19 20 21 lvl 
ends decoddrver 


MAMA MH HM HR HH HH AM AK HE EK KK RARER RK EEKEKEREAEKRA ARES EE REESE 
% RAKE K hspice version EKRKKKKKEHK 

* include vitesse hgaas3 models and parameters for hspice. 

RAK K KARAM KKKKEKKEARKE KAKA KREKAKRKA KEE EKEREK EKER 
* power supplies 

vds 1 0 de 2.0v $element under test power supply 

vss 7770 dc -2.5v $ test load negative power supply 

vioad 888 0 dc 2.0v $ test load power supply 


* temperature card 
* temp 85.0 


* signal inputs 


* next three lines used to provide test signal inputs for transient analysis 
vaQ 1000 pulse(0.063 0.63 4200ps 100ps 100ps 4000ps 8400ps) 

val 101 0 pulse(0.063 0.63 8400ps 100ps 100ps 8200ps 16800ps) 

va2 1020 pulse(0.063 0.63 16800ps 100ps 100ps 16600ps 33600ps) 
vref 200 0 pulse(0.63 0.063 63600ps 100ps 100ps 63400ps 87200ps) 
vmr 201 0 0.063v 

vmw 202 0 0.063v 


*inclk phl ph2 ph2d phil ph2id power! power2 ground 
x0 100 104 105 106 107 108 888 777 0 clock 


PTT rr IPL Lrerr rere irri rr rrr errr irr iit t rr ret iret seers ee 


* ref phl a0 al a2 ao0 aol a02 mrefresh pwr gnd 
















































RKEKKEREKAAKHEK KE KAKSAMSEEKEAKSETAKEARAARKASESEEKKERARAAEERAKERSES 


** ph2d ao0 aol ao2 mref mr mw daQ dal da2 da3 da4 da5 da6 da7 evu oduev od 
x2 106 120 121 122 130201 202 150 151 152 153 154 155 156 157 160 161 170171 
* pwrl pwr2 gnd subname 

+ 1 777 0 decoddrver 


e x1 200 104 100 101 102 120 121 122 130 888 0 drefresh 


* measurement parameters 


* next lines are used for transient analysis 

probe 300=v(120) aol=v(121) ao2=v(122) mref=v(130) 

+ ph2d=v(106) daQ=v(150) dal=v(151) da2=v(152) da3=v(153) da4d=v(154) daS=v(155) 
+ da6=v(156) da7=v(157) evu=v(160) odu=v(161) ev=v(170) od=v(171) 

.probe tran p(vds) p(vss) power 

«Measure tran avgpwr avg p(vds) 





* next 8 lines calculate vmax vmin trise tfall and tdelay :transient analysis 
meas tran vmax max v(120) from=2ns to=88ns 

meas tran vmin min v(120) from=2ns to=88ns 

meas tran tphi trig v(106) val='(vmax-vmin)*.5' td=12ns 

+ fall=1 targ v(120) val="(vmax-vmin)*.5° td=12ns fall=1 

meas tran tplh trig v(106) val='(vmax-vmin)*.5' td=12ns 

+ fall=1 targ v(121) val="(vmax-vmin)*.5’ td=12ns rise=1 

meas tran trise trig v(121) val='vmin+0.1*vmax' td=12ns 

+ rise=1 targ v(121) val='0.9*vmax' rise=1 

.meas tran tfall trig v(120) val='0.9*vmax’' td=12ns 

+ fall=1 targ v(120) val='vmin+0.1*vmax' td=12ns fall=1 

meas tran tdelay trig v(106) val=.2835 td=12ns fall=1 
+ tang v(120) val=.2835 td=12ns fall=1 
tran 1500ps 88ns 

.options scale-1e-06 brief=0 nopage measout post probe 

end 

** hspice file created for circuit decoddrver: transient&power @ 25.0c 

****** circuit name directory 

RERKEE 


circuit number to circuit name directory 





number circuitname definition multiplier 
O main circuit 
1 x0. clock 1,00 
2x\l. drefresh 1.00 
3 x2. decoddrver 1.00 
4 x0.x0. csnor 1.00 
§ x0.xI. ssinv 1.00 
6 x0.x2. ssinv 1.00 
7 x0.x3. csnor 1.00 
8 x0.x4. ssinv 1.00 
9 x0.x5. ssinv 1.00 
10 x0.x6. csinv 1.00 
11 x0.x7. delay 1.00 


12 x0.x8. Ivl 1.00 





13 x0.x9. 
14 xIi.x0. 
1S xl xl. 
16 x1.x2. 
17 x1.x3. 
18 x1.x4, 
19 x1.x5. 
20 x1.x6. 
21 x1.x7. 
22 x1.x8. 
23 x1.x9. 
24 x1.x10. 
25 xLxl1l. 
26 x1.x12. 
27 x1.x13. 
28 xi.x14. 
29 x1.xi5. 
30 x1.x16. 
31 x1.x17. 
32 x1.x18. 
33 x2.x0. 
34 x2.x1. 
35 x2.x2. 
36 x2.x3. 
37 x2.x4, 
38 x2.x5, 
39 x2.x6. 
40 x2.x7, 
41 x2.x8, 
42 x2.x9. 
43 x2.x10. 
44 x2.x11. 
45 x2.x12. 
46 x2.x13. 
47 x2.x14. 
48 x2.x15. 
49 x2.x16. 
50 x2.x17. 
51 x2.x18. 
52 x2.x19, 
53 x2.x20. 
54 x2.x21. 


55 x0.x7.x0. 
56 x0.x7.x1. 
57 x0.x7.x2. 
58 x0.x8.x0. 
59 x0.x9.x0. 
60 x1.x0.x0. 
61 x1.x0.x1. 
62 x1.x0.x2. 
63 x1.x0.x3. 


bdinv 
bdinv 
bs2and 
dinv 








64 x1.x0.x4. 
65 x1.x0.x5. 
66 x1.x1.x0. 
67 xL.x1 xl. 
68 x1.x1.x2. 
69 x1.x1.x3. 
70 x1.x2.x0. 
71 xix2.x1. 
72 x1.x2.x2. 
73 x1.x2.x3. 
74 x1.x2.x4. 
75 x1.x2.x5. 
76 x1.x2.x6. 
77 x1.x2.x7. 
78 x1.x2.x8. 
79 x1.x2.x9. 
80 x1.x2.x10. 
81 x1.x2.x11. 
82 x1.x2.x12. 
83 x1.x2.x13. 
84 x1.x2.x14. 
85 x1.x2.x15. 
86 x1.x7.x0. 
87 x1.x7.xl. 
88 x1.x7.x2. 
89 x1.x8.x0. 
90 x1.x8.x1, 
91 x1.x8.x2. 
92 x1.x9.x0. 
93 x1.x9.x1. 
94 x1.x9.x2. 
95 x1.x9.x3. 
96 x1.x10.x0. 
97 x1.x10.x1. 
98 x1.x10.x2. 
99 x1.x11.x0. 


100 xL.x1L.xl1. 
101 x1.x11.x2. 
102 x1.x12.x0. 
103 x1.x12.x1. 
104 x1.x12.x2. 
105 x1.x12.x3. 
106 x1.x13.x0. 
107 x1.x13.x1. 
108 x1.x13.x2. 
109 x1.x14.x0. 
110 x1.x14.x1. 
111 x1.x14.x2. 
112 x1.x15.x0. 
113 xi-x15.x1. 
114 x1.x15.x2. 
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115 x1.x15.x3. 
116 x1.x16.x0. 
117 x1.x16.x1. 
118 xi.x17.x0. 
119 x1.x17.x1. 
120 x1.x18.x0. 
121 x1.x18.x1. 


122 x2.x0.x1. 
123 x2.x0.x2. 
124 x2.x0.x3. 
125 x2.x0.x4. 
126 x2.x0.x5. 
127 x2.x0.x6. 
128 x2.x0.x7. 
129 x2.x0.x8. 
130 x2.x0.x9. 


131 x2.x0.x10. 
132 x2.x0.x11. 
133 x2.x0.x12. 


134 x2.x2.x0, 
135 x2.x2.x1, 
136 x2.x2_x2. 
137 x2.x2.x3. 
138 x2.x3.x0. 
139 x2.x3.x1. 
140 x2.x3.x2. 
141 x2.x3.x3. 
142 x2.x4.x0. 
143 x2.x4.x1. 
144 x2.x4.x2. 
145 x2.x5.x0. 
146 x2.x5.x1. 
147 x2.x5.x2. 
148 x2.x6.x0. 
149 x2.x6.x1. 
150 x2.x6.x2. 
151 x2.x7.x0. 
152 x2.x7.x1. 
153 x2.x7.x2. 
154 x2.x8.x0. 
155 x2.x8.x1. 
156 x2.x8.x2. 
157 x2.x9.x0. 
158 x2.x9.x1. 
159 x2.x9.x2. 


160 x2.x10.x0. 
161 x2.x10.x1. 
162 x2.x10.x2. 
163 x2.x11.x0. 
164 x2.x11.xl. 
165 x2.x11.x2. 





d2nor 


d2nor 


d2nor 
d2nor 


d2nor 





166 x2.x12.x0. 
167 x2.x13.x0. 
168 x2.x14_x0. 
169 x2.x15.x0. 
170 x2.x16.x0. 
171 x2.x17.x0. 
172 x2.x18.x0. 
173 x2.x19.x0, 
174 x2.x20.x0, 
175 x2.x21.x0. 
176 x0.x7.x2.x0. 
177 x0.x7.x2.x1. 
178 x0.x7.x2.x2, 
179 x1.x1.x0.x0. 
180 x1.x1.x0.x1. 
181 x1.x1.x0.x2. 
182 x1.x1.x0.x3. 
183 x1.x1.x0.x4. 
184 x1.x1.x3.x0. 
185 x1.x1.x3.x1. 
186 x1.x1.x3.x2. 
187 x1.x1.x3.x3. 
188 x1.x1.x3.x4. 
189 xi.x2.x1.x0. 
190 x1.x2.x1.x1. 
191 x1.x2.x1.x2. 
192 x1.x2.x2.x0. 
193 x1.x2.x2.x1. 
194 x1.x2.x2.x2, 
195 x1.x2.x3.x0. 
196 x1.x2.x3.x1. 
197 x1.x2.x4.x0. 
198 x1.x2.x4.x1. 
199 x1.x2.x4.x2. 
200 x1.x2.x5.x0. 
201 x1.x2.x5.x1. 
202 x1.x2.x5.x2. 
203 x1.x2.x6.x0. 
204 x1.x2.x6.x1. 
205 x1.x2.x6.x2. 
206 x 1.x2.x6.x3. 
207 x1.x2.x7.x0. 
208 x1.x2.x7.x1. 
209 x1.x2.x8.x0. 
210 x1.x2.x8.x1. 
211 x1.x%2.x8.x2. 
212 x1.x2.x9.x0. 
213 x1.x2.x9.x1. 
214 x1.x2.x9.x2. 
215 x1.x2.x10.x0. 
216 x1.x2.x10.x1. 
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217 x1.x2.x10.x2. 
218 x1.x2.x10.x3. 
219 x1.x2.x10.x4. 
220 x1.x2.x11.x0. 
221 xb.x2.x1b.x1. 
222 xi.x2.x11.x2. 
223 x1.x2.x12.x0. 
224 x1.x2.x12.x1. 
225 x1.x2.x13.x0. 
226 x1.x2.x13.x1. 
227 x1.x2.x13.x2. 
228 x1.x2.x13.x3. 
229 x1.x2.x13.x4. 
230 x1.x2.x13.x5. 
231 x1.x2.x14.x0. 
232 x1.x2.x14.x1. 
233 x1.x2.x14,x2. 
234 x1.x2.x14.x3. 
235 x1.x2.x14.x4. 
236 x1.x2.x14.x5. 
237 x1.x2.x15.x0. 
238 x1.x2.x15.x1. 
239 x1.x2.x15.x2. 
240 x1.x2.x15.x3. 


24l x1.x2.x15.x4. 


242 x1.x2.x15.x5. 
243 x2.x0.x4.x0. 
244 x2.x0.x4.x1. 
245 x2.x0.x5.x0. 
246 x2.x0.x5.x1. 
247 x2.x0.x5.x2. 
248 x2.x0.x5.x3. 
2A9 x2.x0.x5.x4. 
250 x2.x0.x6.x0. 
251 x2.x0.x6.x1. 
252 x2.x0.x6.x2. 
253 x2.x0.x6.x3. 
254 x2.x0.x6.x4. 
255 x2.x0.x7.x0. 
256 x2.x0.x7.x1. 
257 x2.x0.x7.x2. 
258 x2.x0.x7.x3. 
259 x2.x0.x7.x4. 
260 x2.x0.x8.x0. 
261 x2.x0.x8.x1. 
262 x2.x0.x8.x2. 
263 x2.x0.x8.x3. 
264 x2.x0.x8.x4. 
265 x2.x0.x9.x0. 
266 x2.x0.x9.x1. 
267 x2.x0.x9.x2. 


s3nor 
sinv 
sinv 
sinv 
sinv 
sinv 
s4nor 
sinv 
sinv 
sinv 
sinv 
s4nor 
sinv 
sinv 
sinv 
sinv 
s4nor 
sinv 
sinv 
siny 
sinv 
s4nor 
sinyv 
sinv 
sinv 
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268 x2.x0.x9.x3. 
269 x2.x0.x9.x4. 
270 x2.x0.x10.x0. 
271 x2.x0.x10.x1. 
272 x2.x0.x10.x2. 
273 x2.x0.x10.x3. 
274 x2.x0.x10.x4. 
275 x2.x0.x11.x0. 
276 x2.x0.x11.x1. 
277 x2.x0.x11.x2. 
278 x2.x0.x11.x3. 
279 x2.x0.x11.x4. 
280 x2.x0.x12.x0. 
281 x2.x0.x12.x1. 
282 x2.x0.x12,x2. 
283 x2.x0.x12.x3. 
284 x2.x0.x12.x4. 
285 x1.x1.x3.x3.x0. 
286 x1.x1.x3.x3.x1. 
287 x1.x1.x3.x3.x2. 
288 xi.x1.x3.x3.x3. 
289 xb.x1.x3.x4.x0. 
290 x1.x1.x3.x4.x1L. 
291 x1.x1.x3.x4.x2. 
292 x1.x1.x3.x4.x3. 


293 x1.x2.x13.x0.x0. 
294 x1.x2.x13.x0.x1. 
295 x1.x2.x13.x0.x2. 
296 x1.x2.x13.x0.x3. 
297 x1.x2.x13.x1.x0. 
298 x1.x2.x13.x1.x1. 
299 x1.x2.x13.x1.x2. 
300 x1.x2.x13.x1.x3. 
301 x1.x2.x13.x1.x4. 
302 x1.x2.x13.x2.x0. 
303 x1.x2.x13.x2.x1. 
304 x 1.x2.x13.x2.x2. 
305 x1.x2.x13.x2.x3. 
306 x1.x2.x13.x2.x4. 
307 x1.x2.x13.x3.x0. 


308 x1.x2.x13.x3.x1. 
309 x1.x2.x13.x3.x2. 
310 x1.x2.x13.x3.x3. 
311 x1.x2.x%13.x3.x4. 
312 x1.x2.x13.x4.x0. 
313 x1.x2.x13.x4.x1. 
314 x1.x2.x13.x4.x2. 
315 x1.x2.x13.x4.x3. 
316 x1.x2.x13.x5.x0. 
317 x1.x2.x13.x5.x1. 
318 x1.x2.x13.x5.x2. 
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319 x1.x2.x13.x5.x3. 
320 x1.x2.x13.x5.x4. 
321 x1.x2,x14.x0.x0. 
322 x1.x2.x14.x0.x1. 
323 x1.x2.x14.x0.x2. 
324 x1.x2.x14.x0.x3. 
325 x1.x2.x14.x1.x0. 
326 x1.x2.x14.xLx1. 
327 x1.x2.x14.x1.x2. 
328 x1.x2.x14.x1.x3. 
329 x1.x2.x14.x1.x4. 
330 x1.x2.x14.x2.x0, 
331 xt.x2.x14.x2.x1. 
332 x1.x2.x14.x2.x2. 
333 x1.x2.x14.x2.x3. 
334 x1.x2.x14.x2.x4. 
335 x1.x2.x14.x3.x0. 
336 x1.x2.x14.x3.x1. 
337 x1.x2.x14.x3.x2. 
338 x1.x2.x14.x3.x3. 
339 x1.x2.x%14.x3.x4. 
340 x1.x2.x14.x4.x0. 
341 x1.x2.x14.x4.x1. 
342 x1.x2.x14.x4.x2. 
343 x1.x2.x14.x4.x3. 
344 x1.x2.x14.x5.x0. 
345 x1.x2.x14.x5.x1. 
346 x1.x2.x14.x5.x2. 
347 x1.x2.x14.x5.x3. 
348 x1.x2.%14.x5.x4, 
349 x1.x2.x15.x0.x0. 
350 x1.x2.x15.x0.x1. 
35) x1.x2.x15.x0.x2. 
352 x1.x2.x15.x0.x3. 
353 x1.x2.x15.x1.x0. 
354 x1.x2.xt5.x1.xl1. 
355 x1.x2.x15.x1.x2. 
356 xi.x2.x15.x1.x3. 
357 x1.x2.x15.x1.x4. 
358 x1.x2.x15.x2.x0. 
359 x1.x2.x15.x2.x1. 
360 x1.x2.x15.x2.x2. 
361 x1.x2.x15.x2.x3. 
362 x1.x2,x15.x2.x4. 
363 x1.x2.x15.x3.x0. 
364 xi.x2.x15.x3.x1. 
365 x1.x2.x15.x3.x2. 
366 x1.x2.x15.x3.x3. 
367 x1.x2.x15.x3.x4. 
368 x1.x2.x15.x4.x0. 
369 x1.x2.x15.x4.x1. 
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370 x1.x2.x15.x4.x2. d2nor 1.00 


371 x1.x2.x15.x4.x3. dinv 1.00 
372 x1.x2.x15.x5.x0. dinv 1.00 
373 x1.x2.x15.x5.x1. dinv 1.00 
374 x1.x2.x15.x5.x2. dinv 1.00 
375 x1.x2.x15.x5.x3. d3nor 1.00 
376 x1.x2.x15.x5.x4. dinv 1.00 
Opening plot unit= 15 

file=ddrver! .paO 


** hspice file created for circuit decoddrver: transient& power @ 25.0c 
****** Operating point information tnom= 25.000 temp= 25.000 
KKK 
***** Qnerating point status is voltage simulation time is 0. 

node =voltage node =voltage node =voltage 


+ 0:1 = 2.0000 0:100 = 63.0000m 0:101 = 63.0000m 

+ 0:102 = 63.0000m 0:104 = 31.9639m 0:105 =720.7624m 
+ 0:106 =662.746im 0:107 = -1.2402 0:108 = 104.5425m 
+ 0:120 = 52.0502m 0:121 = 52.0502m 0:122 = 52.0502m 
+ 0:130 = 9.6973u 0:150 = : = -1.2402 

+ 0:152) = -1.2402 0:153 = -1.2402 0:154 = -1.2402 

+ 0:155) = -1.2402 0:156 = -1.2402 0:157 = 

+ 0:160 = 31.9780m 0:161 = 30.9568m 0:170 = -1.2402 
+ 0:171 = -1.2402 0:200 =630.0000m 0:201 = 63.0000m 
+ 0:202 = 63.0000m 0:777 = -2.5000 0:888 = 2.0000 

+ 1:10 =633.6943m 1:11) = 11.3673m 1:12 =726.7178m 
+ 1:13) = 49.0605m 1:14 =692.6305m 2:12 =658.6414m 
+ 2:13) =658.6414m 2:14 =658.64l4m 2:15 = 53.9658m 
+ 2:16 = 52.0088m 2:17 = 32.4497m 2:18 = 32.4488m 
+ 2:19 = 52.0088m 2:20 = 32.4497m 2:21 = 32.4488m 
+ 2:22) = 52.0088m 2:23 = 32.4497m 2:24 = 32.4488m 
+2:25) = 17.6214u 2:26 = 17.6214u 2:27 = 17.6214u 

+ 2:28 =629.9885m 2:29 =629.9926m 2:30 =629.9967m 
+ 2:31 = 48.9071u 2:33 =630.0137m 3:30 = 31.9766m 
+ 3:31 = 30.9553m 3:32 = 30.9553m 3:33 = 30.6021m 
+ 3:34 = 30.9553m 3:35 = 30.602Im 3:36 = 30.6021m 
+ 3:37 = 30.4227m 3:40 = 52.0136m 3:41 = 52.0137m 
+ 3:42) = §2.0137m 3:43 = 52.0137m 3:44 = 52.0137m 
+ 3:45 = 52.0137m 3:46 = 52.0137m 3:47 = 52.0137m 
+ 3:48 =652.8042m 3:50 = 31.7757m 4:8 = 1.2978 

+ 5:9 53.4430m 6:9 = 1.3829 7:8 = 57.9851m 

+ 8:9 13554 9:9 = 56.850lm 10:9 = 1.3747 
+11:6 =636.2190m 11:9 = 58.0085m 12:6 = 1.3578 
+12:7) = 652.5236m 12:9 = 74.9274m 12:10 =230.8765m 
+12:11 = =-504.6670m 12:12 = -1.5552 12:13. = -1.8701 
+12:14 9 = -2.1851 12:25 = 1.9694 13:6  =-379.5736m 
413:7. = -1.0721 13:9 = 1.9993 13:10 <= 1.5989 
+13:11 = 851.7076m 13:12 =-546.5932m 13:13 = -1.1977 
+13:14 = -1.8489 13:25. = 52.2021m 14:8 = 31.9352m 
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+ 14:9 

+ 14:12 
+ 15:9 

+ 16:12 
+ 16:15 
+ 16:18 
+ 16:21 
+ 21:10 
+ 22:11 
+ 23:12 
+ 25:10 
+ 26:11 
+ 27:11 
+ 29:10 
+ 30:7 

+ 33:18 
+ 35:9 

+ 36:9 

+ 37:10 
+ 38:11 
+ 40:10 
+4111 
+ 43:10 
+ 44:11 
+ 45:9 

+ 45:12 
+ 45:25 
+ 46:9 

+ 46:12 
+ 46:25 
+479 

+ 47:12 
+ 47:25 
+ 48:9 

+ 48:12 
+ 48:25 
+ 49:9 

+ 49:12 
+ 49:25 
+ 50:9 

+ 50:12 
+ 50:25 
+51:9 

+ 51:12 
+ 51:25 
+ 52:9 

+ 52:12 
+ 52:25 
+ 53:9 

+ 53:12 
+ 53:25 


= 692.6027m 14:10 
= 10.5790m 15:7 

= 607.4009m 15:10 
52.0115m 16:13 
§2.0127m 16:16 
52.0127m 16:19 
§2.0488m 16:22 
= 658.6317m 21:11 
= 653.6595m 23:10 
= 653.6593m 24:10 
= 653.5035m 25:11 
= 653.6593m 26:12 
= 53.9637m 28:10 


= 606.7231m 33:19 
= 690.8217m 35:10 
= 16.3431m 36:10 
= 658.7406m 37:11 
= 52.2065m 39:10 
= 658.7437m 40:11 
= 52.2065m 42:10 
= 658.7437m 43:11 
52.2065m 45:6 
74.9593m 45:10 
-1.5551 45:13 
1.9660 46:6 
74.9593m 46:10 
-1.5551 46:13 
1.9660 47:6 
74.9593m 47:10 
-1.5551 47:13 
1.9660 48:6 
74,9593m 48:10 
-1.5551 48:13 
1.9660 49:6 
74.9593m 49:10 
~1.5551 49:13 
1.9660 50:6 
74.9593m 50:10 
-1.5551 50:13 
1.9660 51:6 
74.9593m 51:10 
-1.5551 51:13 
1.9660 52:6 
74.9593m 52:10 
-1.5551 52:13 
1.9660 53:6 
= 74.9274m 53:10 
= -1.5552 53:13 
= 19694 54:6 


cnn Bee hee ee tn a Be 


= 10.5772m 14:11 = 105781m 
= 78.5842m 15:8 =635.5417m 
= 58.7776m 16:11 =624.0781m 
= 52.0127m 16:14 = 52.0115m 
= 32.4480m 16:17 = 52.0127m 
= 26.2560m 16:20 = 52.0509m 
= 52.0458m 16:23 = §2.0115m 
= 53.9637m 22:10 = 653.5035m 
= 52.0534m 23:11 =653.6593m 
= 658.6317m 24:11 = 53.9637m 
= 653.6595m 26:10 = 52.0534m 
= 653.6593m 27:10 =658.6317m 
= 653.5035m 28:11 = 653.6595m 
= 653.6593m 29:12 = 653.6593m 
= 658.5020m 32:7 =658.5020m 
= 606.7231m 33:20 =606.7231lm 
= 19.5641m 35:11 =690.886im 
= 19.5641m 36:11 =692.6857m 
= 52.2065m 38:10 =658.7429m 
= 658.7429m 39:11 = 52.2065m 
= 52.2065m 41:10 =658.7429m 
= 658.7437m 42:11 = 52.2065m 
= 52.2065m 44:10 =658.7441m 
= 1.3554 45:7 =650.5943m 
= 230.9021m 45:11 =-504.6416m 
-1.8701 45:14 = -2.1850 
1.3554 46:7 =650.5943m 
= 230.902im 46:11 =-504.6416m 
-1.8701 46:14 = -2.1850 
1.3554 47:7 =650.5943m 
= 230.902Im 47:11 =-504.64i6m 
= -1.8701 47:14 = -2.1850 
1.3554 48:7 =650.5943m 
= 230.902)m 48:11 =-504.6416m 
-1.8701 48:14 = -2.1850 
1.3554 49:7 =650.5943m 
= 230.9021m 49:11 =-504.64!6m 
= -1.8701 49:14 = -2.1850 
1.3554 50:7 =650.5943m 
= 230.9021m 50:11 =-504.6416m 
-1.8701 50:14 = -2.1850 
1.3554 51:7. =650.5943m 
= 230.9021m 51:11 =-504.6416m 
-1.8701 51:14 = -2.1850 
1.3554 52:7. =650.5943m 
= 230.9021m 52:11 =-504.6416m 
= -1.870! 52:14 = -2.1850 
= 1.3578 53:7 =652.5225m 
= 230.8765m 53:11 =-504.6670m 
-1.8701 53:14 = -2.1851 
1.3579 54:7 =652.6040m 


354 





+ 54:9 
+ 54:12 
+ 54:25 
+ 60:9 
+ 63:9 
+ 66:7 
+ 69:7 
+ 71:10 
+ 72:11 
+ 74:11 
+ 76:10 
+77:7 
+ 79:10 
+ 80:11 
+ 81:10 
+ 83:9 
+ 83:12 
+ 84:11 
+ 85:10 
4125:7 
+126:11 
+127:10 
+128:9 
+128:12 
+129:11 
+130:10 
+131:9 
+131:12 
+132:11 
+133:10 
+134:9 
+137:8 
+140:9 
+179:6 
+183:6 
+187:6 
+188:6 
4+225:10 
+226:10 
+226: 13 
+227:12 
+228:11 
+229:10 
+230:10 
+230:13 
4+231:12 
+232:12 
+233:11 
+234:10 
+234:13 
+235:12 


= 74.9262m 54:10 


1.3553 61:9 
= 53.9663m 64:8 
= 631.5538m 66:8 
= 622.4007m 69:8 
= 658.791lim 71:11 
= 53.9676m 73:6 
= 54.9626m 75:10 
= 653.6590m 76:11 
= 658.4423m 78:10 
= 658.7914m 79:11 
= 651.6432m 80:12 
54.9626m 81:11 
52.0506m 83:10 
= 636.5992m 84:9 
= 636.5449m 84:12 
= 624.0440m 85:11 
= 692.2401m 126:9 
6.7626m 126:12 
6.7626m 127: 11 
6.7626m 128:10 
690.8856m 129:9 
6.7626m 129:12 
6.7626m 130:11 
= 690.1607m 131:10 
= 690.2249m 132:9 
= 690.1607m 132:12 
= 689.8191m 133:11 
1.3536 135:9 
42.5789m 138:9 
1.3556 141:8 
6.0274m 181:6 
36.3487m 184:6 
10.5824m 187:7 
= 692.7547m 188:7 
= 53.0867m 225:11 
= 651.5335m 226:11 
= 26.2529m 227:10 
= 53.0867m 227:13 
= 653.6561m 228:12 
= 54.9689m 229:11 
= 653.6591m 230: 11 
= 32.4484m 231:10 
= 658.5204m 232:10 
= 651.5924m 232:13 
= 658.7304m 233:12 
§3.0929m 234:11 
32.4387m 235:10 
= 640.4275m 236:10 


ote oan 


toa 


1.9695 57:56 = 





= 230.8755m 54:11  =-504.6679m 
= -1.8701 54:14 = -2.1851 
33.9796m 57:9. = 58.0085m 
= 53.9676m 62:9 = 53.9669m 
= 56.8134m 65:9 =678.3717m 
= 678.6259m 66:9 = 65.8780m 
= 652.8533m 69:9 = 652.6687m 
= 54.9626m 72:10 =658.7914m 
= 658.5363m 74:10 =658.7911m 
= 658.7914m 75:11 = 53.9676m 
= 53.9669m 76:12 = 653.6590m 
= 658.7914m 78:11 = 53.9669m 
= 53.9676m 80:10 =651.6432m 
= 651.6432m 80:13 = 53.9663m 
= 658.791lm 82:8 =658.3019m 
= 624.0440m 83:11 = 636.5449m 
= 52.0506m 84:10 =624.0440m 
= 636.5992m 85:9 = 52.0506m 
= 636.5449m 85:12 = 636.5992m 
= 6.7626m 126:10 = 6.7626m 
= 692.6852m 127:9 =690.8211m 
= 6.7626m 127:12 = 690.8856m 
= 690.82i1m 128:11 = 6.7626m 
= 690.1607m 129:10 =690.1607m 
= 690.2249m 130:9 = 6.7626m 
= 690.8211m 130:12 =65).8856m 
= 6.7626m 131:11 =690.1607m 
= 6.7626m 132:10 =690.1607m 
= 690.2249m 133:9 =689.8191m 
= 689.8191m 133:12 =689.8833m 
= 52.2065m 136:9 = 1.3539 
= §2.0282m 139:9 = 52.2065m 
= 56.8403m 178:8 = 1.3147 
= 32.7632m 182:6 = 48.4090m 
= 58.4402m 186:6 = 8.5683m 
= 684.7784m 187:9 = 16.3579m 
= 32.0179m 188:9 = 16.3022m 
= 54.9689m 225:12 =658.5204m 
= 651.6421m 226:12  =651.5924m 
= 54.9689m 227:11 = 658.7304m 
= 51,.9668m 228:10 = 53.0929m 
= 653.5469m 228:13 = 32.4387m 
= 53.9676m 229:12 =640.4275m 
= 653.6591m 230:12 = 53.0929m 
= 53.0867m 231:11 = 5$4.9689m 
= 651.5335m 232:11 =651.6421m 
= 26.2529m 233:10 = 54.9689m 
= 53.0867m 233:13 = 51.9668m 
= 653.656im 234:12 = 653.5469m 
= 54.9689m 235:11 = 53.9669m 
= 653.6591m 236:11 = 653.6591m 
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4237:11 = $4.9689m 237:12 = 658.5204m 238:10 == 651.5335m 
+238:11 = 651.6421m 238:12 = 651.5924m 238:13 = = 26.2529m 
+239:10 == 54.9689m 259:11 = 658.7304m 239:12 = 53.0867m 


4#236:12 = 53.0929m 236:13 = 32.4484m 237:10 = = 53.0867m @ 


+239:13 = 51.9668m 240:10 = 53.0929m 240:1! = 653.656lm 
+240:12 = 653.5469m 240:13 = 32.4387m 241:10 == 54.9689m 
$241:11 = 53.9663m 241:12 = 640.4275m 242:10 = 653.659im 
+242:11 = 653.6591m 242:12 = §3.0929m 242:13 = 32.4484m 


+243:8 == 1.3540 244:9 = 56.7487m 245:9 = 58.9632m 
+246:9 = 58.9632m 247:9 = 58.9632m 248:9 = = 1.3556 
+249:8 = = 56.8380m 250:9 = «1.3536 251:9 = 58.9632m 
+252:9 = 58.9632m 253:9 = 1.3539 254:8 = = 42.5769m 
4255:9 = 58.9632m 256:9 = 1.3536 257:9 = 58.9632m 
+258:9 = 1.3539 259:8 = = 42.5769m 2609 = 1.3530 
+4261:9 = 1.3530 262:9 = 58.9632m 263:9 = 1.3532 
+264:8 = 38.1889m 265:9 = 58.9632m 266:9 = = 58.9632m 
+267:9 = 1.3536 268:9 = 1.3539 269:8 = 42.5769m 
4+270:9 = 1.3530 271:9 = 58.9632m272:9 = 1.3530 
4+273:9 = 1.3532 274:8 = 38.1889m275:9 = 58.9632m 
+276:9 = 1.3530 277:9 = 1.3530 278:9 = «1.3532 
+279:8 = = 38.1889m 280-9 == «1.3527 281:9 = 1.3527 
+282:9 = 1.3927 283:9 = 1.3529 284:8 = 36.0549m 
+285:9 = 52.0275m 286:9 = 53,.9637m 287:8 == 1.3479 
4288:9 = 55.0192m 2899 = 52.0302m290:9 = 1.3559 
+291:8 = = 56.8710m 292:9 = 1.2949 


Opening plot unit= 16 
file=ddrver! 0 


** hspice file created for circuit decoddrver: transient&power @ 25.0c 
****** transient analysis tiom= 25.000 temp= 25.000 
xR 
avgpwr = -2.7061E-01 from= 0.0000E+00 to= 3.7000E-08 
vmax = 5.9400E-01 at= 6.4802E-08 

from= 2.0000E-09 to= 8.8000E-08 
vmin = 5.0752%:-02 at= 7.2991E-08 

from= 2.0000E-09 to= 8.8000E-08 


tphl = 1,2805E-09 targ= 1.4637E-08 trig= 1.3357E-08 

tplh = 1.0183E-09 targ= 1.4375E-08 trig= 1.3357E-08 

trise = 5,0463E-10 targ= 1.4790E-08 trig= 1.4286E-08 

tfall = 2.3630E-10 targ= 1.4761E-08 trig= 1.4525E-08 

tdelay = }.2808E-09 targ= 1.4632E-08 trig= 1.3352E-08 
*4*** job concluded 


total cpu time 4629.20 seconds 
job started at 18:44:12 4-feb93 
jobended at 21:25:37 4-feb93 
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Iam done with ddrverl.sp 
Thu Feb 4 21:25:39 PST 1993 


O. Listing File for OUTPUT Transient Analysis @ 25.0C 


Using: fAools3/cad/meta/h9007/sun4. 1 /hspice 

lic: license granted by the license server for hspice 

lic: from permit file: Aools3/cad/meta/h9007 /permit.hsp 

reading install configuration file: /tools3/cad/meta/h9007 /meta.cfg 

setting user memory from environment var to 250000 words. ( 2000000 bytes) 


*eeeee hspice 9007d 12:44:56 5-feb93 sun 

** hspice file created for circuit output: mansient&power @ 25.0c 
****** Copyright 1990 meta-software.inc. *****site: 

****** input listing 

EEK KM 

* hspice.ini 

** technology: edgaas 

** standard 16-to-1 ratio of pull-down-to-pullup is used 

REE AEE A Ree RI RE I ROR RR ER HE RE ERK EERE REAR KEKE 
2H ae Be he i I RO oi a RR OR OR OR RO OR ok Oo OE EEK 


* hspice defi inverter subcircuit 

as input, output, power, ground 
subcktdinv 1 2 3 4 

* dgsb 

j03 224 jfeti6 l=1.2 w=6.0 

jl 2144 jfet04 l=1.2 w=96.0 

ends dinv 


386 6 Ae ee a ee a ee tA ie ee i i a i i i RI a ok i ao ok — 
2 He M6 Ne Ae ee hee ee te a He ie ee i i ie ae te ee Ok OO KE i 


* hspice defi 2-input nor subcircuit 


* ina, inb, output, power, ground 
subcktd2n0r 12 3 4 =5 
*dgsb 


j0433 5 jfetl6 l=1.2 w=6.0 
j1 3:15 5 jfetO4 l=1.2 w=96.0 
j2325 5 jfet04 l=1.2 w=96.0 
ends d2nor 


FREES IO IO IO AI OO SIO III IOI oR OR Ia i i 
BOICIOIOIEIBIOI IOI ICI IOIO IG I IIE OIE III OR IOIGI OR AU OIRO ROI IORI 


bg ue dcfl 2-input demorgan and subcircuit 
ina, inb, output, power, ground 

ree dd2and 1 2 3 4 5 

x01 1045 dinv 

x12 1145 dinv 

x2 1011 345 d2n0r 

ends dd2and 


HERR EN KH RAR RE EEK EK ARK ERE KEK REKE KR EA EK 
TM MR RR RRA A EER EERE REREAD CER KE RAKE 
* subcircuit defi 2-input or 

* ina inb output power ground 
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ssubcktdd2or 1 2 3 4 5 
* ina inb out pwr gnd subname 
x0 1 2 6 4 5§ d2nor 

xl 6 3 4 § dinv 

ends dd2or 


HA AR RHA KKK KEKE KEE AAA E KERR EKER ERKAERAERESAE 

HE Re fe Me Rg eR Me a RC RE I A I AO RE FO EE RR EK RAE ERE E 
* hspice defi 2-input reai nand subcircuit 

* ina, inb, output, power, ground 

subcktd2nand 12 3 4 5 

*dgsb 

j0433 5 jfeti6 l=1.2 w=6.0 

j13 165 jfet04 l=1.2 w=192.0 

j2625 5 jfet04 l=1.2 w=192.0 

.ends d2nand 


HRA AH A CH HR EK RE EKA EKA ERA RERKRAEEE AERA EKER ARE 
MAKE KK AK K EK EKKK HAH KEKE REA KKK ERASE KKK AEA AE HERE REKA EE 


* subcircuit dcfl 4-input or 

* ina inb inc ind output power ground 
subcktdd4or 1234 5 6 7 

* ina inb inc ind out pwr gnd subname 

x0 123 4 8 6 7 d4nor 

xl 8 5 6 7 dinv 

ends dd4or 


He He Hehe Ke 9 A AS HS A CE HC EH EE I HO KE EE HE I EK EE HK EK ERK ERE SE 
HE Fe He A AC He Ae Re eH CC A IK A ee RR IC AOE RE I OR 
* hspice dcfl 4-input nor subcircuit 

* ina, inb, inc, ind, output, power, ground 

subcktd4nor 12 3 4 5 6 7 

*dgsb 

j065 5 7 jfetlé l=1.2 w=6.0 

j15 177 jfet04 1=1.2 w=96.0 

j25277 jfet04 1=1.2 w=96.0 

j3537 7 jfet04 l=1.2 w=96.0 

j45477 jfet04 l=1.2 w=96.0 


.ends d4nor 
HRM ERKAKK KARE EK KAMER EKKA KK EK EKEEKK EEE EEKKAKAEKKEEKSE 


$I IO RIOR I FOROIOR IOI RA AIO SR IO IOC IE I I OR IE I 


* hspice defi 4-input demorgan and subcircuit 


* ina, inb, inc, ind, output, power, ground 
subcktdd4and 1 2 3 4 5 6 7 

x0 | 1067 dinv 

x12 1167 dinv 

x23 1267 dinv 

x34 13 6 7 dinv 

x41011 12 13 5 67 d4nor 

ends dd4and 


ESR AO TI A ROHR AIO I KIO ROR TOR KE REE ERE KER E 
SOR IIR TRIO SOR IORI SE II I AO OK OR RO 


* subcircuit dcfl d-latch using generic gates 
* d clk q /q power ground 
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subcktdlach 1 234 5 6 
@ * ina inb output power ground subname 


x0 | 2 8 5 6 d2nand 
xl | 7 5 6 dinv 
x2 2 7 9 #5 6 d2nand 
x3 8 4 3 #5 6 d2nand 
x4 9 3 4 #5 6 d2nand 
ends diatch 


HRA KER ERK ERK KECK KKKKAKKEKKEKEKEEEEEKEEREKAEKKKEREAEKEE 

PTET TTT OTT CT ITT TT Si Tt Trt Tt ti ett TSE ritrr rrr rere errr pererrrrtttrrTs it. .t 
* subcircuit output 

* oddbio evenbio edummy odummy rd q /q pwr gnd 

subcktoutput 1 2 3 4567 89 

* ina inb inc ind ine inf 


x0 1 12 8 9 dinv 

xl 2 13 8 9 dinv 

x2 3 14 8 9 dinv 

x3 4 15 8 9 dinv 

x4 14 13 14 17 8 9 dd4and 
x5 1218 2 3 30 8 9 dd4and 
x6 115 2 3 31 8 9 dd4and 
x7 14 2 14 20 8 9 dddand 
x8 17 30 31 20 21 8 9 dd4or 
x9 3 4 22 8 9 dd2or 
xl0 5 22 16 8 9 dd2and 
xl1 21 16 67 8 9  dlatch 
ends output 


RH RH HHH HE KRHA KAR EEK A KEKE KER ERK KEK AKER EK AERA 
MAHA RR KARE KK KR EAE RE EERE EARS EEA EKKE EE ERKKAE ERE 


* hspice dcfl standard !oad subcircuit 


ss input, output, power, ground 
Subcktd2ioadd 1 2 3 4 

x0 1534 dinv 

x11234dinv 

ends d2load 


MMA AHR HE HR EK EK EK KH 


KRKKKKEK hspice version WKH KK KE 
* include vitesse hgaas3 models and parameters for hspice. 


MM ee He ee Hee HK AKA KAA AAR ER ERE AEE KEKAEAEKKEKAAKREKK 
* power supplies 

vds 1 0 de 2.0v $ element under test power supply 

vload 888 0 dc 2.0v $ test load power supply 


* temperature card 
* temp 85.0 


* signal inputs 
* next three lines used to provide test signal inputs for transient analysis 


voddbio 100 0 pulse(0.63 0.063 8400ps 100ps 100ps 8200ps 16800ps) 
vevenbio 101 0 pulse(G.063 0.63 8400ps 100ps 100ps 8200ps 16800ps) 
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vedummy 102 0 pulse(0.063 0.63 4200ps 100ps 100ps 4000ps 8400ps) 
vodummy 103 0 pulse(0.63 0.063 4200ps 100ps 100ps 4000ps 8400ps) 
vread 104 0 pulse(0.063 0.63 16800ps 100ps 100ps 16600ps 33600ps) 


* main circuit 

x0 100 101 102 103 104 110 111 1 0 output $ element under test 
x1 110 120888 0 d2load §$ test load 

x2 111 121888 0 d2load $ test load 


ic v(110}=0.063 v(111)=0.63 
* measurement parameters 


* next two lines are used for transient analysis 
probe oddbio=v(100) evenbio=v(101) edummy=v(102) 
+ odummy=v(103) mread=v(104) dox=v(110) /dox=v(111) 
-probe tran p(vds) p(vload) power 
«Measure tran avgpwr avg p(vds) 
* next 8 lines calculate vmax vmin trise tfall and tdelay :transient analysis 
ameas tran vmax max v(110) from=2ns to=35ns 
«meas tran vmin min v(110) from=2ns to=35ns 
meas tran tphi trig v(103) val="(vmax-vmin)*.5' td=20ns 
+ fall=1 tang v(110) val="(vmax-vmin)*.5' td=20ns fall=1 
.meas tran tplh trig v(104) val="(vmax-vmin)*.5’ td=2ns 
+ rise=1 targ v(110) val="(vmax-vmin)*.5' td=15ns rise=1 
meas tran trise trig v(110) val='vmin+0.1*vmax’ td=15ns 
+ rise=1 targ v(110) val='0.9*vmax' rise=1 
meas tran tfall trig v(110) val='0.9*vmax' td=20ns 
+ fall=1 targ v(110) val='vmin+0.1*vmax' fall=1 
meas tran tdelay trig v(104) val=.2835 td=15ns rise=1 
+ targ v(110) val=.2835 td=15ns rise=1 
tran 500ps 35ns 
.options scale=1e-06 brief=0 nopage measout post probe 
end 
** hspice file created for circuit output: transient&power @ 25.0c 
****** circuit name directory 
RREKEK 
circuit number to circuit name directory 
number circuitname definition mrItiplier 

O main circuit 

1 x0. output 

2x1, d2load 

3 x2. d2load 

4 x0.x0. dinv 

§ x0.x1. i 

6 x0.x2, 

7 x0.x3. 

8 x0.x4. 

9 x0.x5, 

10 x0.x6. 

11 x0.x7. 











12 x0.x8. dd4or 1.00 


13 x0.x9. dd2or 1.00 
14 x0.x10. dd2and 1.00 
15 xO.x11. dlatch 1.00 
16 x1.x0. dinv 1.00 
17 x1.x1. dinv 1.00 
18 x2.x0. dinv 1.00 
19 x2.x1. dinv 1.00 
20 x0.x4.x0. dinv 1.00 
21 x0.x4.x1. dinyv 1.00 
22 x0.x4.x2. dinv 1.00 
23 x0.x4.x3. dinv 1.00 
24 x0.x4.x4, d4nor 1.00 
25 x0.x5.x0. dinv 1.00 
26 x0.x5.x1. dinyv 1.00 
27 x0.x5.x2. dinv 1.00 
28 x0.x5.x3. dinv 1.00 
29 x0.x5.x4. d4nor 1.00 
30 x0.x6.x0. dinv 1.00 
31 x0.x6.x1. dinv 1.00 
32 x0.x6.x2. dinv 1.00 
33 x0.x6.x3. dinv 1.00 
34 x0.x6.x4. d4nor 1.00 
35 x0.x7.x0. diny 1.00 
36 x0.x7.x1. diny 1.00 
37 x0.x7.x2. dinyv 1.00 
38 x0.x7.x3. diny 1.00 
39 x0.x7.x4. d4nor 1.00 
40 x0.x8.x0. d4nor 1.00 
41 x0.x8.x1. dinv 1.00 
42 x0.x9.x0. d2nor 1.00 
43 x0.x9.x1. dinv 1.00 
44 x0.x10.x0. dinv 1.00 
45 x0.x10.x1. dinv 1.00 
46 x0.x10.x2. d2nor 1.00 
47 x0.x11.x0. d2nand 1.00 
48 xO.x11.x1. dinv 1.00 
49 x0.x11.x2. d2nand 1.00 
50 x0.x11.x3. d2nand 1.00 
51 x0.x11.x4. d2nand = 11.00 

Opening plot unit= 15 

file=output1 .pa0 


** hspice file created for circuit output: transient& power @ 25.0c 
****** operating point information tmom= 25.000 temp= 25.000 


RK He 


***** operating point status is voltage simulationtimeis 0. 
node =voltage node =voltage node =voltage 


+0:1 = 2.0000 0:100 =630.0000m 0:101 = 63.0000m 
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+0:102 = 63.0000m 0:103 =630.0000m 0:104 = 63.0000m 
+0:110 = 63.0042m 0:111 =630.0010m 0:120 = 1.9844 
+0:121 = 5§3.9657m 0:888 = 2.0000 1:12 = 53.9658m 
$1:13) =658.6414m 1:14 =636.5005m 1:15 = 53.9658m 
+ 1:16 52.0112m 1:17 =658.1907m 1:20 = 51.9209m 
+ 1:23 658.6896m 1:22 =658.6821m 1:30 = 23.1807m 
+ 1:31 26.2239m 2:5 = 1.9844 3:5 = 53.9657m 

+ 8:10 53.9658m 8:11 = 53.9658m 8:12 = 52.0534m 
+ 8:13 53.0980m 9:10 =650.4496m 9:11 =650.4496m 
+ 9:12 650.4105m 9:13 = 650.4105m 10:10 = 53.9658m 
+10:11 651.5163m 10:12.  =651.4771m 10:13.  =651.477im 
+11:10 53.9658m 11:11 = 53.9658m 11:12 = 658.6124m 
$11:13 53.0980m 12:38 = 51.9626m 13:6 = 53.8908m 
+14:10 =658.6322m 14:11 = 52.0544m 15:7 = 52.0545m 
+15:8 =668.0491m 15:9 = 1.2457 47:6 =532.3943m 
+49:6 = 75.0262m 50:6 = 40.4805m51:6 =638.8192m 


Opening plot unit= 16 
file=output!.tr0 


** hspice file created for circuit output: transient&power @ 25.0c 
****** transient analysis tmom= 25.000 temp= 25.000 
KKK 
avgpwr = -8.1584E-02 from= 0.0000E+00 to= 3.5000E-08 
vmax = 6.3253E-01 at= 3.5000E-08 
from= 2.0000E-09 to= 3.5000E-08 
ymin = 3.9594E-02 at= 1.7238E-08 
from= 2.0000E-09 to= 3.5000E-08 
= 1,0443E-09 targ= 2.2103E-08 tig= 2.1059E-08 
= 5.8453E-10 targ= 1.7426E-08 trig= 1.6841E-08 
5.4070E-10 targ= 1.7847E-08 trig= 1.7307E-08 
3.8850E-10 targ= 2.2263E-08 trig= 2.1875E-08 
= 5.7533E-10 targ= 1.7414E-08 trig= 1.6839E-08 


***** Job concluded 

total cpu time 66.75 seconds 
job started at 12:44:56 5-feb93 
jobended at 12:48:21 5-feb93 


I am done with outputl.sp 
Fri Feb 5 12:48:23 PST 1993 


P. _ Listing File for WRITEP Transient Aualysis @ 25.0C 


Using: /tools3/cad/meta/h9007/sun4. i /hspice 

lic: license granted by the license server for hspice 

lic: from penmit file: /tools3/cad/meta/h9007 /permit.hsp 

reading install configuration fle: /tools3/cad/meta/h9007 /meta.cfg 
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setting user memory from environment var to 250000 words. ( 2000000 bytes) 





sxeeee ohspice 9007d 14: 6:57 7-feb93 sun 

** hspice file created for circuit writep: transient&power @ 25.0c 
**#*4* Copyright 1990 meta-software,inc. *****site: 

EERE input listing 

ee RK 

* hspice.ini 

** technology: edgaas 

** standard 16-to-1 ratio of pull-down-to-pullup is used 


SKRKEEKEKKE RHE EAKKAAARARERAAKRAREESRHEREEEREREEERE REARS RESE 
BEAKRRAREMEKAKRAEEEAREREERES ERE SKS RERA RARE KK EERE REA ERE 

* subcircuit operation priority circuit 

*thecall 14 6061 17 18 | = Owritep 

SEEEES mref write read mwrite mread power ground 

subckt writep 1 23 4 5 6 7 

* write priority logic 04 august 1992 

x01 8 67 dinv 


x33 9 8 567 dd3and 


ends writep 
6 Ae A HE ee HE HE He EKER SEEKERS ERE REREKEREKE HK 


KREKEKARAEAKERERKERAKAEEREAKRKAKRERTEEARAKEKRAEEERERAEEKRREKRERE 
* hspice defi 2-input demorgan and subcircuit 

* ina, inb, output, power, ground 

subcktdd2and 12 3 #4 «5 

x01 1045 dinv 

x12 1145 dinv 

x2 1011 345 d2nor 

ends dd2and 


RAK MEK AEH AKAMA KARE EKRAKAAEAKKEEEESAAAKAEKERKEREEKEKE 
KERR NH ERK AREA ERARARAKEERKRARKAREERERERERKAREREES 
* hspice defi 2-input nor subcircuit 

* ina, inb, output, power, ground 

subckt d2nor | 2 3 4 =§ 

*dgsb 

j0433 5 jfetl6 l=1.2 w=6.0 

j13.15 5 jfet04 l=1.2 w=96.0 

j2325 5 jfet04 l=1.2 w=96.0 

ends d2nor 


KEELER EEK EREREK REA SERARERRAAERERREREN RAKE EEREEE RE 
KERECAKAREREEAERREAEREBKRAEKEERRAEKEERERRSEREREKEEREAREEKERKEBEHR 
* hspice defi inverter subcircuit 

* input, output, power, ground 

subcktdinv 1 2 3 4 

*dgsb 

j0322 4 jfetl6 1=1.2 w=6.0 

ji214 4 jfetO4 l=1.2 w=96.0 

.eads diny 


REPKE RKCKAEERER KESEKKEEAAREREREREREAEEREAERERL KE EKERRE 
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KAKA KHER EKA KEREKEKE REA ESEEEEKETKARAE EAA E ESR EH 


* hspice defi 3-input nor subcircuit 


. ina, inb, inc, output, power, ground 
subcktd3nor 123 4 #5 6 
*dgsb 


j05 446 jfetlé I=1.2 w=6.0 
j1 4 166 jfet04 l= 1.2 w=96.0 
j2.4 26 6 jfet04 I=1.2 w=96.0 
j3-4 3 6 6 jfer04 l= 1.2 w=96.0 


ends d3nor 
RKKEAKKEKKAKEKEKKE EKA AKAKAKEKAKSEEKAKAAKAAKHAKERAEAKKAKEKEERE 


SRERCKKKHACAKHE CAA AKAARKKAKKAAAREREKEKEKEKKAREREREKRERAREKE 
* hspice defi 3-input demorgan and subcircuit 

* ina, inb, inc, output, power, ground 

subcktdd3and 123 4 5 6 

x0 I 105 6 dinv 

x12 11 5 6 dinv 

x23 12 5 6 dinv 

x3 1011 12 456d3nor 

ends dd3and 


REREKEKKAKAEE AAR KER EKKEKKHAKEK EK ERKARAKEEKEKAR ERE RAKRERRE 
ERE K EAE AAR AK AKAEKKEAKK AKA KE EKKK KER EERERESEHKERERKEKEEEKK 


* hspice dcfl standard load subcircuit 
* input, output, power, ground 
subcktd2load 1 2 3 4 

x0 153 4dinv 

x1 1234 dinv 

ends d2load 


HM He HH TE EM HO HE He He HE He Me Ee EH he RA KKK KE RHEE KE EH 


* RKRKAKE hspice version RREKKERKE 

* include vitesse hgaas3 models and parameters for hspice. 

ERK KKK KKK EKER KEKE RAERRAEAKARERAKEKAAKAEKKKK AEE 
* power supplies 

vds 1 0 de 2.0v $ element under test power supply 

vload 888 0 dc 2.0v § test load power supply 


* temperature card 
* temp 85.0 


* signal inputs 


* next three lines used to provide test signal inputs for transient analysis 
vread 100 0 pulse(0.063 0.63 4200ps 100ps 100ps 4000ps 8400ps) 

vwrite 101 0 pulse(0.063 0.63 8400ps 100ps 100ps 8200ps 16800ps) 
vinrefresh 102 0 pulse(0.063 0.63 16800ps 100ps 100ps 16600ps 33600ps) 


* main circuit 

x0 102 101 100 104 103 1 0 writep $ element under test 
x1 103 107 888 0 d2load $ test load 

x2 104 108 888 0 d2ioad $ test load 
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* measurement parameters 


* next two lines are used for transient analysis 

.probe read=v(100) write=v(101) mrefresh=v( 102) mread=v(103) 
+ mwrite=v(104) 

.probe tran p(vds) p(vload) power 


measure tran avgpwr avg p(vds) 

* next 8 lines calculate vmax vmin trise tfall and tdelay :transient analysis 
meas tran vmax max v(103) from=2ns to=42ns 

meas tran vmin min v(103) from=2ns to=42ns 

meas tran tphl tig v(100) val="(vmax-vmin)*.5’ td=2ns 

+ fall=1 targ v(103) val="(vmax-vmin)*.5' td=2ns fali=1 

«meas tran tplh trig v(100) val="(vmax-vmin)*.5' td=2ns 

+ rise=1 targ v(103) val="(vmax-vmin)*.5' td=2ns rise=1 

-meas tran trise trig v(103) val="vmin+0.1*vmax' td=2ns 

+ rise=1 targ v(103) val='0.9*vmax' rise=1 

meas tran tfall trig v(103) val='0.9*vmax' td=2ns 

+ fall=1 targ v(103) val='vmin+0.1*vmax’ fall=1 

meas tran tdelay trig v(100) val=.2835 td=2ns rise=1 

+ targ v(103) val=.2835 rise=1 

tran 100ps 42ns 

options scale=le-06 brief=0 nopage measout post probe 

end 

** hspice file created for circuit writep: transient&power @ 25.0c 
****** circuit name directory 

REEEKE 


circuit number to circuit name directory 


number circuitname definition multiplier 
O main circuit 
1x0. writep 1.00 
2x1 d2load 1.00 
3x2 d2load 1.00 
4 x0.x0 dinv 1.00 
§ x0.x1 dinv 1.00 
6 x0.x2 dd2and 1.00 
7 x0.x3 dd3and 1.00 
8 x1.x0 dinv 1.00 
9xixl dinv 1.00 
10 x2.x0 dinv 1.00 
11 x2.x1 dinv 1.00 
12 x0.x2.x0. dinv 1.00 
13 x0.x2.x1. dinv 1.00 
14 x0.x2.x2. d2nor 1.00 
15 x0.x3.x0, dinv 1.00 
16 x0.x3.x1. dinv 1.00 
17 x0.x3.x2. dinv 1.00 
18 x0.x3.x3. d3nor 1.00 


Opening plot unit= 15 
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file=writep!.pa0 @ 


** hspice file created for circuit writep: transient&power @ 25.0c 
****** Operating point information mom= 25.000 temp= 25.000 
KERR 
***** operating point status is voltage simulation time is 0. 

node =voltage node =voltage node =voltage 


+0:1 = 2.0000 0:100 = 63.0000m 0:101 = 63.0000m 
+0:102 = 63.0000m 0:103 = 51.9677m 0:104 = 52.0099m 
+0:107 = 1.9872 0:108 = 1.9872 0:888 = 2.0000 
+1:8 =636.5005m 1:9 =658.64l4m 2:55 = 1.9872 
+3:55 = 1.9872 6:10 =658.6319m 6:11 = 53.0980m 
+7:10 =658.6227m 7:11 = 52.0534m 7:12 = 53.0980m 


Opening plot unit= 16 
file=writep 1.10 


** hspice file created for circuit writep: transient&power @ 25.0c 

****** transient analysis tnom= 25.000 temp= 25.000 

RKEKEK 

avgpwr = -2.0557E-02 from= 0.0000E+00 to= 4.2000E-08 

vmax = 6.3760E-01 at= 3.8350E-08 

from= 2.0000E-09 to= 4.2000E-08 : 

vmin = 2.0039E-02 at= 3.3675E-08 oa 
2.0000E-09 to= 4.2000E-08 

1.2793E-10 targ= 8.4846E-09 trig= 8.3567E-09 
1.4321E-10 targ= 4.3866E-09 trig= 4.2433E-09 
3.9394E-10 targ= 4.6674E-09 trig= 4.2735E-09 
1.6279E-10 targ= 8.5831E-09 trig= 8.4203E-09 
tdelay = 1.3022E-10 targ= 4.3691E-09 trig= 4.2389E-09 


: 


gs 
& 
uounay 


***** job concluded 

total cpu time 25.91 seconds 
job started at 14: 6:57 7-feb93 
jobended at 14: 8:23 7-feb93 


1 am done with writep!.sp 
Sun Feb 7 14:08:24 PST 1993 


Q. Listing File for MBSY Transient Analysis @ 25.0C 


Using: /tools3/cad/meta/h9007/sun4.1/hspice 

lic: license granted by the license server for hspice 

lic: from perrait file: /tools3/cad/meta/h9007/permit.hsp 

reading install configuration file: /tools3/cad/meta/h9007/meta.cfg 

setting user memory from environment var to 250000 words. ( 2000000 bytes) 





weaeee hspice 9007d 20:45:58 7-feb93 sun 

** hspice file created for circuit mbsy: transient&power @ 25.0c 
*#*%** Copyright 1990 meta-software,inc. *****site: 

REE EK input listing 

Bette tf 

* hspice.ini 

** technology: edgaas 

** standard 16-to-1 ratio of pull-down-to-pullup is used 


Be He Re Me He Re HH MH KAKA EBA AER EEE ASAE KEKE EE EE 
KREKREKEAERRAKRAKAEKAEREAKHEKEREKAKRAEKERSERERAEREAE RAE RERAEREK 


* hspice dcfl inverter subcircuit 


7 input, output, power, ground 
subcktdinv | 2 3 4 
*dgsb 


jO3 22 4 jfetl6 l=1.2 w=6.0 
j12144 jfet04 l=1.2 w=96.0 
ends dinv 


5 Me He He ER RR E REAR RAAEEERAEEKA KE RESCKREREREEEREEEE 
AAC HH HH RARER AKERS AK SECA CRA EKA RR ERKEEKEEREKE SARE 
* hspice dcfl 3-input nor subcircuit 

* ina, inb, inc, output, power, ground 

subcktd3nor 12 3 4 5 6 

*dgsb 

j05 44 6 jfetl6 l=1.2 w=6.0 

j1 4 1 6 6 jfet04 l=1.2 w=96.0 

j2 42 6 6 jfet04 1=1.2 w=96.0 

J3 43 6 6 jfet04 1=1.2 w=96.0 


ends d3nor 
REKKKKRERERAAEKEKEAKAEAKKKAKRKKERABARAEEEKEEKEKERAKKERAEEEEEE 


REKKEEAEKEAEAARRAREAAARARASEAEARAREKKAEARAEKERESEAEAREKKESE 
* subcircuit defi 3-input or 

> ina inb inc output power ground 

subcktdd3or 1 2 3 4 5 6 

* ina inb inc out pwr gad subname 

x0 1 2 3 7 5 6 d3nor 

xl 7 4 5 6 dinv 

ends dd3or 


REKKREREKERE EERE EKA EEK ERE ERA EERE RE ERE EER HEE 
ERE EE RARE GEEKS KEMAH KER ERE KEKE EE EERE KEKE EH 


* hspice defi standard load subcircuit 


7 input, output, power, ground 
subcktd2loadd § 2 3 4 
x01534dinv 

x11234dinv 

ends d2load 


MERE BEARER EMAAR EKERAEEERARERAEEEEREREREEEKERERESK 


He KERRERK hspice version EEKERAKEE 
* include vitesse hgaas3 models and parameters for hspice. 


RREEEERERRE EERE ERE REKERAKAER EEE ERE MERE EERE REKE AE 


* power supplies 
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vds 1 0 de 2.0v $ element under test power supply 
vioad 888 0 dc 2.0v §$ test load power supply 


* temperature card 
* temp 85.0 


* signal inputs 


* next three lines used to provide test signal inputs for transient analysis 
vmread 100 0 pulse(0.063 0.63 4200ps 100ps 100ps 4000ps 8400ps) 
vmwrite 101 0 pulse(0.063 0.63 8400ps 100ps 100ps 8200ps 16800ps) 
vmrefresh 102 0 pulse(0.063 0.63 16800ps 100ps 100ps 16600ps 33600ps) 


* main circuit 

xO 100 101 102 103 1 O dd3or S$ element under test 
x1 103 107 888 0 d2load = $ test load 

x2 104 108 888 0 d2load $ test load 


* measurement parameters 


* next two lines are used for transient analysis 
.probe mread=v(100) mwrite=v(101) mrefresh=v(102) mbsy=v(103) 
.probe tran p(vds) p(vload) power 


measure tran avgpwr avg p(vds) 
* next 8 lines calculate vmax vmin trise tfall and tdelay :transient analysis 
meas tran vmax max v(103) from=2ns to=42ns 
meas trad vmin min v(103) from=2ns to=42ns 
meas tran tphi trig v(100) val='(vmax-vmin)*.5’ td=32ns 
+ fall=1 targ v(103) val="(vmax-vmin)*.5’ td=32ns fall=1 
meas tran tplb trig v(100) val="(vmax-vmin)*.5’ td=2ns 
+ rise=1 targ v(103) vai="(vmax-vmin)*.5' td=2ns rise=1 
Meas tran trise tig v(103) val="vmin+0.1*vmax' td=2ns 
+ rise=1 targ v(103) val='0.9*vmax' rise=1 
meas tran tfall trig v(103) val='0.9*vmax' td=32ns 
+ fall=1 targ v(103) val="vmin+0.1*vmax’ fall=1 
meas tran tdelay trig v(100) val=.2835 td=2ns rise=1 
+ targ v(103) val=.2835 rise=1 
.tran 100ps 42ns 
.options scale={e-06 brief=0 nopage measout post probe 
end 
** hspice file created for circuit mbsy: transient&power @ 25.0c 
*eeee* Circuit name directory 
prety 
circuit number to circuit name directory 
number circuitname definition multiplier 

0 main circuit 

1 x0. dd3or 1.00 

2x\l. d2load 1.00 











3 x2. d2ioad 1.00 


4x0.x0. d3nor 1.00 
5 x0.x1. dinv 1.00 
6 x1.x0. dinv 1.00 
7xLxl. dinv 1.00 
8 x2.x0. dinv 1.00 
9 x2.x1. dinv 1.00 

Opening plot unit= 15 

file=mbsy 1 .pa0 


** hspice file created for circuit mbsy: transient&power @ 25.0c 
****** Operating point information tmom= 25.000 temp= 25.000 
wR KE 
****%* onerating point status is voltage simulationtime is 0. 

node =voltage node =voltage node =voltage 


+0:1 = 2.0000 0:100 = 63.0000m0:10! = 63.0000m 
+0:102 = 63.0000m 0:103 = 52.0444m0:104 = 46.8784m 
+0:107 = 1.9872 0:108 1,9883 0:888 = 2.0000 

41:7. = 658.2372m 2:5 1.9872 3:55 = 1.9883 


Opening plot unit= 16 
file=mbsy 1 .tr0 


** hspice file created for circuit mbsy: transient&power @ 25.0c —_ 
****** transient analysis tom= 25.000 temp= 25.000 
eK 
avgpwr = -4,5233E-03 from= 0.0000E+00 to= 4.2000E-08 
vmax = 64100E-01 at= 3.3625E-08 
from= 2.0000E-09 to= 4.2000E-08 
vmin = 5.1475E-02 at= 3.4125E-08 
from= 2.0000E-09 to= 4,2000E-08 
= 2.2152E-10 targ= 3.3781E-08 trig= 3.3559E-08 
tplh = 1.1997E-10 targ= 4.3608E-09 trig= 4.2409E-09 
= 3.4966E-10 targ= 4.6355E-09 trig= 4.2859E-09 


tfall 1.3832E-10 targ= 3.3841E-08 trig= 3.3703E-08 
tdelay = 1.1568E-10 targ= 4.3546E-09 trig= 4.2389E-09 
***** Job concluded 


total cpu time 16.16 seconds 
job started at 20:45:58 7-feb93 
jobended at 20:46:48 7-feb93 


I am done with mbsy Isp 
Sun Feb 7 20:46:50 PST 1993 
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R. Listing File for DRDY Transient Analysis @ 25.0C 


Using: /Atoois3/cad/meta/h9007/sun4 .1 /hspice 

lic: license granted by the license server for hspice 

lic: from permit file: /tools3/cad/meta/h9007 /pennit.bsp 

reading install configuration file: /tools3/cad/meta/h9007/meta.cfg 

setting user memory from environment var to 250000 words. ( 2000000 bytes) 


xeeexe® hspice 9007d 5:51:54 8-feb93 sun 

** hspice file created for circuit drdy: transient&power @ 25.0c 
***4k** Copyright 1990 meta-software.inc. *****site: 

he input listing 

se aK 

* hspice.ini 

** technology: edgaas 

** standard 16-to-1 ratio of pull-down-to-pullup is used 


HEME MEA A HW EH CH A A EE ie RR RK EO KK KKK KR K 
Pet rT Tt TTT TtTtt Litt tt et rte ritri irr tii rtete rir tr rtcr retest esd 
* hspice defi 2-input demorgan and subcircuit 

* ina, inb, output, power, ground 

subcktdd2and 1 2 3 4 =§ 

x01 1045 dinv 

xl2 1145diny 

x2 1011 345 d2nor 

ends dd2and 


RE ME AR ae Re ee ee he ae Ee HE a A HE Ae A HE EK I OE EEE EK 
SRE HE AR he aR Os Ae oe A He eC A A I Be HC I HC ee Ae Fe Ee ee fe te I ie 2 IE a a ok ea ak 


* hspice dcfi 2-input nor subcircuit 

* ina, inb, output, power, ground 
subcktd2nor | 2 3 4 5 
*dgsb 

j0433 5 jfetl6 l=1.2 w=6.0 

jl 315 5 jfer04 l=1.2 w=96.0 

j2325 5 jfet04 l=1.2 w=96.0 

ends d2nor 


SER MCR MC HE HE I He Re a HE He HE Ae a he He he a oe KH i he a a RE KOK KKK KR KK 
JIE UR UE IO ORIOR a aR AR AIO IO REO OR IIIOAA IOR ICR 
* subcircuit dcfl 2-input or 

* ina inb output power ground 

subcktdd2or 1 2 3 4 § 

* ina inb out pwr gad subname 

x0 1 2 6 4 5 d2nor 

xl 6 3 4 5 dinv 

ends dd2or 


FEES GOI IIIS ER Jo a a iia IG aOR ICR I a bok ik 
FOI SOIC IOI IO I III OR RFI OR IOOIO I HOR a SOK ie 


* hspice dcfl inverter subcircuit 


* input, output, power, ground 
subcktdinv 1! 2 3 4 
*dgsb 


j03 224 jfetl6 l=1.2 w=6.0 





jl 2144 jfer04 l=1.2 w=96.0 
.ends dinv 


REKKAKKERKAKRKAKEKKEKAA KERR CKAKHELRAKA KR ERREKKEKEREREATAE 
REREKREKRAKRECKERKKAAAKAEREARKASEREARERHKKEKERERAAKEAEKEEERAEE 


* hspice defl standard load subcircuit 

* input, output, power, ground 

subckt d2load 1 2 3 4 

x0 1534 dinv 

x1 1234 dinv 

ends d2ioad 
RERKKACKERKAKRHREAKEKKARREKRAREEAKALKERARAEKAKERERKRAEERE REE S 
Ww REKKKAK hspice version SEKRREREH 

* include vitesse hgaas3 models and parameters for hspice. 
ERARKKKARAKAAKARKERRKEAKAEKEKKKEKKRHEKAKKTKEAKTERAKERKKKAAKEKRKEAES 
* power supplies 

vds 1 0 de 2.0V Selement under test power supply 

vioad 888 0 dc 2.0v §$ test load power supply 


* temperature card 
* temp 85.0 


* signal inputs 


* next three lines used to provide test signal inputs for transient analysis 
vread 100 0 pulse(0.063 0.63 4200ps 100ps 100ps 4000ps 8400ps) 
vedum 101 0 pulse(0.063 0.63 4200ps 100ps 100ps 4000ps 8400ps) 
vodum 102 0 pulse(0.63 0.063 4200ps 100ps 100ps 4000ps 8400ps) 


* main circuit 

RKRKEKAKEKCKCKAKKAKKEKKAH 

* data ready (drdy) circuit 

x0 101 102 104 1 O dd2or $ element under test 
x1 104 100105 10dd2and S$element under test 
x2105 103 1 0dinv $ element under test 


RRREEKRKEKREK KAA RARAE AKAMA KEE REE ERIK 


x3 103 107 888 0 d2load = $ test load 


* measurement parameters 


* next two lines are used for transient analysis 
probe mread=v( 100) edum=v(101) odum=v(102) drdy=v(103) 
.probe tran p(vds) p(vload) power 


«measure tran avgpwr avg p(vds) 

* next 8 lines calculate vmax vmin trise tfall and tdelay :transient analysis 
«meas tran vmax max v(103) from=2ns to=42ns 

Meas tran vmin min v(103) from=2ns to=42ns 

meas tran tphl trig v(100) val="(vmax-vmin)*.5’ td=2ns 

+ rise=1 targ v(103) val="(vmax-vmin)*.5’ td=2ns fall=1 
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meas tran tplh trig v(100) val="(vmax-vmin)*.5' t= 

+ fall=1 targ v(103) val=(vmax-vmin)*.5° td=2ns rise=1 
meas tran trise trig v(103) val='vmin+0.1*vmax' td=2ns 
+ rise=] targ v(103) val='0.9*vmax’ rise=1 

meas tran tfall trig v(103) val="0.9*vmax' td=2ns 

+ fall=2 tang v(103) val="vmin+0.1*vmax' fall=Z 

Meas tran tdelay trig v(100) val=.2835 td=2ns fall=1 

+  targ v(103) val=.2835 rise=1 

tran 100ps 42ns 

.options scale=1e-06 brief=0 nopage measout post probe 
end 

** hspice file created for circuit drdy: transient&power @ 25.0c 
*#**** Circuit name directory 


pS ttt t 4 

circuit number to circuit name directory 

number circuitname definition multiplier 
0 main circuit 
1 x0. dd2or 1.00 
2xl. dd2and .00 
3 x2. dinv 1.00 
4x3. d2ioad ~=—s-:1.00 
5 x0.x0. d2nor 1.00 
6x0.x1. dinv 1.00 
7 xi.x0. dinv 1.00 
8xL.xl. dinv 1.@u 
9 x1.x2. d2nor 1.00 
10 x3.x0. dinv 1.00 
11 x3.x1. dinv 1.00 

Opening plot unit= 15 

file=drdy 1 .pa0 


** hspice file created for circuit drdy: transient&power @ 25.0c 
**e%** Operating point information mom= 25.000 temp= 25.000 
RERKEKSE 
***** operating point Status is voltage simulation time is 0. 

node =voltage node =voltage node =voltage 


+0:1 = 2.0000 0.100 = 63.0000m 0:101 = 63.0000m 
+0:102 = 630.0000m 0:103 =636.5447m 0:104 = 658.682im 
+0:105 = 52.0112m 0:107 = 53.0930m 0:888 = 2.0000 
+1:6 = 53.8908m 2:10 = 52.0544m 2:11 = 658.6322m 
+4:5 = 53.0930m 


Opening plot unit= 16 
file=drdy 1 .trO 


** hspice file created for circuit drdy: transient&power @ 25.0c 
****** transient analysis tnom= 25.000 temp= 25.000 
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oR HEH 


avgpwr = -1,3732E-02 from= 0.0000E+#00 3 to= 4.2000E-08 
vmax = 6.4321E-01 at= 1.7342E-08 
from= 2.0000E-09 to= 4.2000E-08 
vmin = 5.0553E-02 at= 4.7000E-09 
from= 2.0000E-09 to= 4,2000E-08 
tphl = 2.0124E-10 tarmg= 4.4424E-09 wig= 4.2412E-09 


tplh = 1.7905E-10 targ= 8.5379E-09 tig= 8.3588E-09 

tise = 3.5592E-10 tamg= 8.8165E-09 trig= 8.4606E-09 

tfall = 1.3901E-10 tamg= 1.2913E-08 trig= 1.2774E-08 

tdelay = 1.7104E-10 targ= 8.5321E-09 trig= 8.3611E-09 
+###% job concluded 


total cpu time 20.37 seconds 
job started at 5:51:54 8-feb93 
jobended at 5:52:57 38-feb93 


I am done with drdy1.sp 
Mon Feb 8 05:52:59 PST 1993 


S. Listing File for WLOGIC Transient Analysis @ 25.0C 


Using: /tools3/cad/meta/h9007/sun4. 1 /hspice 

lic: license granted by the license server for hspice 

lic: from permit file: Aools3/cad/meta/h9007 /permit. hsp 

reading install configuration file: /tools3/cad/meta/h9007/meta.cfg 
setting user memory from environment var to 250000 words. ( 2000000 bytes) 


eeaee hspice 9007d 9:45:34 8-feb93 sun 

** hspice file created for circuit wiogic: transient&power @ 25.0c 
*x*4%* Copyright 1990 meta-software,inc. *****site: 

****** input listing 

EKAKKE 

* hspice.ini 

** technology: edgaas 

** standard 16-to-1 ratio of pull-down-to-pullup is used 


KRAEREKAREKRERERER EEK ORE EEK KEKE ERERAK EKER KERERKERERE EEK E 
ERERAERKAEEKHRERRKAKAARE ERE KELKERKKERKREARERAAEKESEAREREESES 
* hspice defi inverter subcircuit 

* input, Output, power, ground 

subcktdinv 1 2 3 4 

*dgsb 

j0322 4 jfetl6 1=1.2 w=6.0 

jl 2144 jfet04 l=1.2 w=96.0 

ends dinv 


RAMEE K MERE EAE AEKEERKAAEEREEEKAAERKERAEEREERERERAEEH 
WHR He He He He A HEARERS AEEEREEE 
* hspice defi 4-input nor subcircuit 

- ina, inb, inc, ind, output, power, ground 

subcktd4n0r 1234 5 #6 ‘7 
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*dgsb 

j0655 7 jfetl6 I=1.2 w=6.0 
jL5 17 7 jfet04 i=1.2 w=96.0 
j2527 7 jfew4 i=1.2 w=96.0 
j3537 7 jfet04 l=1.2 w=96.0 
j45.47 7 jfet04 l=1.2 w=96.0 


ends d4nor 
HRERKAEKKKAAKKKKAKKARKECKKKEKKKKKEKRKEKKEAKKKAKAKKAEKEEAAKTALEAE 


KERERERERKRKEKRAKEAHKAEEEAKHEREKERERERAREREEBEREEKEREERAEEE 


* hspice dcfl 4-input demorgan and subcircuit 

* ina, inb, inc, ind, output, power, ground 
subcktdd4and 1 234 5 6 7 

x0 1 1067 dinv 

x12 1167 dinv 

x23 1267 dinv 

x34 13 67 dinv 

x4 1011 1213 5 67 d4nor 

ends dd4and 


RREKKKKA RR KKKAR HARARE ERE REE EEA AK KEKKAKKEEKEKRA ME KKEK 
He MACH HM He Re ACH eR HAH KAMAE AAA EEERKERKEKEREARKERE 


* hspice defi 2-input real nand subcircuit 
ina, inb, output, power, ground 
subcktd2nand 1 2 3 4 § 

* dgsb 

j0433 5 jfetl6 l=1.2 w=6.0 

ji3165 jfec04 l=1.2 w=192.0 

j2625 5 jfet04 l=1.2 w=192.0 


ends d2nand 


HAREM AM KKH KH AKA AAR ERE EKEKERAKRERRE EEE 
KEKKAKAKKERKAKKEEAREKKAEKERAEKAKEKKEREKARAKAAKKAKEKEREKEREKAE 
* subcircuit defi d-latch using generic gates 

* d clk q /q power ground 

subckt dlach 1234 5 6 

* ina inb output power ground subname 


REREKEREKRERERAAE EE KEELE EEREKAEMKEERERKKA MERE ERERE 
REREREREEREKREEAEAKEAKEKEREKEARGEKKEKRERKEEKKESE EEREKKEAKEEKEK 
* bspice d mesfet load subcircuit 

* input, power, ground 

subcktdmiOioad 1 3 4 

jO3 14 4 jfetl6 l=1.2 w= 10.0 

ji 314 4 jfetl6 I=1.2 w= 10.0 

j2314 4 jfetl6 l=1.2 w= 10.0 

j33 14 4 jfetl6 l=1.2 w= 10.0 

343144 jfetl6 l=1.2 w= 10.0 

j53 14 4 jfetl6 l=1.2 w= 10.0 





j6 3 144 jfetl6 l=1.2 w= 10.0 
j73 14 4 jfetl6 l=1.2 w= 10.0 
j8 3:14 4 jfetl6 l=1.2 w= 10.0 
j93 144 jfetl6 [=1.2 w= 10.0 
ends dm1Qload 


RERKKKKKRKCKKEAKEKKERKAKRKAKKKLEKEEKKEAREAKKKAKEEAKAHAAKAEKRERERSE 
EXKKKKKEEKKARKKKCEAKKAKKRKK ERAKKASEEKKKESEKKKEKREERSEKSECEEE 

* hspice d mesfet load subcircuit 

* input, power, ground 

subcktdm4load 1 3 4 

j03 14 4 jfeti6 1=1.2 w= 10.0 

jl 3.14 4 jfetl6 l=1.2 w= 10.0 

j23 14 4 jfetl6 l=1.2 w= 10.0 

j33 144 jfetl6 l=1.2 w= 10.0 

ends dm4load 


RAE EM RAR ARHE REE SARA RKAEKKKE AY CREEK ET ERE HK 
WEA AR A He RR KEE AKA KE KAKA REKEKERERERE EERE 


* subcircuit level-shifter to drive dfets 
* vse hspice diode models for backconnected mesfets 


* input output vds vss 

subcktlv] 1 2 3 4 

* dgiosb 

x0 125 3 0 dinv 

jl 3 25 6 4. jfet04 l=1.2 w=20.0 
j2 76 7 4 dioiéd i=1.2 w=4.0 
j3 74 4 4: jfet20l=3.0 w=3.0 
439 9 4 jfetl6 l=1.2 w=3.0 
js 97 O 4 jfetl6 l=1.2 w=10.0 
j6 3 9 10 4. jfetl6 =12 w=200 
j7 W110 I 4 diol6 I=1.2 w=20.0 


j8 2 11 2 4 dioi6 l=1.2 w=20.0 
j9 24 4 4 ~= jfetl6 l=1.2 w=12.0 
jlO 122 12 4 diol6 I=1.2 w=10.0 
jit 13:12) 13 4 «diol6 1=1.2 w=10.0 
jl2 1413 14 4 diol6 1=1.2 w=10.0 
ji3 4 14 4 4 diol6 l=1.2 w=10.0 
ends |v) 


SHERKKEKRERKKKEKEEKAKERKEEKREEEAEKEREAKAERRAEKAKAREREEKERRE EK 
MEEKER EKER AH MRK KK EKER MERE KEKE EERE KEKE KH 
* subcircuit write logic in hspice 

* epu=even pull up -- bring in a0 for even/odd & writing 

* data das a0 w clk epu epd opu opd power grnd vss 
subckt wlogic 12345 678910 11 12 

x0 1 2 14 15 10 11 dlatch 

xl 3 13 10 11 dinv 


x2 13 144 5 16 10 11 dd4and 
x3 1315457 10 11 dd4and 
x4 4 3 145 17 10 11 dd4and 
x5 315459 10 11 dddand 
x6 16 6 10 12 Wi 
x7 17 8 10 12 Wi 
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ends wlogic 
RRR KE ERATE EREEKAKCARAAKKAKA KEL SEREERAEREAREAKERAR 


RRERMEAEBKRAKKKEKKAREESEKEKARRAEKEEAKECAREAESERKE KEKE RESEEKE 


* hspice dcfl standard load subcircuit 
* input. output, power, ground 
subcktd2loadd 1 2 3 4 

x0 1534 dinv 

x1 1234 dinv 

ends d2load 


AR A A RC HK RAH ARH EERE KEKE RARER EEKERREREAEERE 


R KRKKRKEE hspice version KEERERKKRE 

* include vitesse hgaas3 models and parameters for hspice. 
REKEKKKLERKARREAKRERE KEKE EREKAKERKEAEKHKEAKKEREAERERERERERAKE 
* power supplies 

vds 10 de 2.0v $element under test power supply 

vss 7770 dc -2.5v $ test load negative power supply 

vload 888 0 cc 2.0v_ §$ test load power supply 


* temperature card 
* temp 85.0 


* signal inputs 


* next three lires used to provide test signal inputs for transient analysis 
vaQ 1000 pulse(0.063 0.63 4200ps 100ps 100ps 4000ps 8400ps) 
vmwrite 101 0 pulse(0.063 0.63 4200ps 100ps 100ps 4000ps 8400ps) 
vph2 102 0 pulse(0.063 0.63 4200ps 100ps 100ps 4000ps 8400ps) 
vdx 103 0 pulse(0.63 0.063 8400ps 100ps 100ps 8200ps 16800ps) 
vdas 10400.63v 


* main circuit 
* dx das a0 mw ph? expu expd oxpu oxpd power grnd vss 
x0 103 104 100 101 102 110 111 112 113 1 0 777 wlogic 


xi 110 888 0 dm1Oload 
x2 111 121 888 0 d2load 
x3 112 888 0 dm1Oload 
x4 113 123 888 0 d2load 
* measurement parameters 


* next two lines are used for transient analysis 

probe dx=v(103) das=v(104) a0=v(100) mwrite=v(101) ph2=v(102) 
+ expu=v(110) expd=v(111) oxpu=v(112) oxpd=v(113) 

.probe tran p(vds) p(vss) power 

ameasure tran avgpwr avg p(vds) 


* next 8 lines calculate vmax vmin trise tfall and tdelay :transient analysis 
meas tran vmax max v(113) from=2ns to=20ns 

meas tran vmin min v(113) from=2ns to=20ns 

.meas tran vmin2 find v(113) at=10ns 











«meas tran tphi trig v(102) val='(vmax-vmin)*.5' td=l6ns 
+ fall=1 tang v(113) val="(vmax-vmin)*.5' td=2ns fall=} 
meas tran tplh trig v(102) val='(vmax-vmin)*.5’ td=12ns 
+ rise=1 targ v(113) val="(vmax-vmin)*.5' td=2ns rise=1 
meas tran trise trig v(113) val='vmin+0.1*vmax' td=12ns 
+ rise=1 targ v(113) val='0.9*vmax' td=12ns rise=1 
meas tran tfall trig v(113) val='0.9*vmax’ td=2ns 

+ fall=1 targ v(113) val="vmin2+0.1*vmax’ fall=1 

meas tran tdelay trig v(102) val=.2835 td=2ns rise=1 

+ targ v(112) val=-0.600 rise=i 

tran 250ps 20ns 

.options scale=1e-06 brief=0 nopage measout post probe 
end 


** hspice file created for circuit wlogic: transient&power @ 25.0c 


****** circuit name directory 

RRR RA 

circuit number to circuit name directory 

number circuitame definition multiplier 


O main circuit 

1 x0. wlogic 1.00 
2xi, dmlOload 1.00 

3 x2. d2ioad =:11.00 
4x3. dmiQload 1.00 
5 x4. d2load ~=—s«1.00 

6 x0.x0. dlatch 1.00 

7 x0.x1. dinv 1.00 

8 x0.x2. dd4and 1.00 
9 x0.x3 dd4and 1.00 
10 x0.x4 dd4and = 1.00 
11 x0.x5. dd4and 1.00 
12 x0.x6. lvl 1.00 

13 x0.x7. lvl 1.00 

14 x2.x0 dinyv 1.00 

15 x2.x1 dinv 1.00 
16 x4.x0. dinv 1.00 
17 x4.x1. dinv 1.00 
18 x0.x0.x0. d2nand 1.00 
19 x0.x0.x1. dinv 1.00 
20 x0.x0.x2. d2nand 1.00 
21 x0.x0.x3. d2nand 1.00 
22 x0.x0.x4. d2nand 1.00 
23 x0.x2.x0. dinv 1,00 
24 x0.x2.x1. dinv 1.00 
25 x0.x2.x2. dinv 1,00 
26 x0.x2.x3. dinv 1.00 
27 x0.x2.x4. d4nor 1.00 
28 x0.x3.x0. dinv 1,00 
29 x0.x3.x1. dinv 1.00 
30 x0.x3.x2. dinv 1.00 
31 x0.x3.x3. dinv 1.00 
32 x0.x3.x4. d4nor 1.00 





33 x0.x4.x0. dinv 1.00 


34 x0.x4.x1. diny 1.00 
35 x0.x4.x2. dinv 1.00 
36 x0.x4.x3. dinv 1.00 
37 x0.x4.x4. d4nor 1.00 
38 x0.x5.x0. dinv 1.00 
39 x0.x5.+1. dinv 1.00 
40 x0.x5.x2. dinv 1.00 
41 x0.x5.x3. dinv 1.00 
42 x0.x5.x4. d4nor 1.00 
43 x0.x6.x0. dinv 1.00 
44 x0.x7.x0. dinv 1.00 

Opening plot unit= 15 

file=wlogicl.pa0 


** hspice file created for circuit wlogic: transient&power @ 25.0c 
****** Operating point information tnom= 25.000 temp= 25.000 
EKKKEK 
***** operating point status is voltage simulationtime is 0. 

node =voltage node =voltage node =voltage 


+0:1 = 2.0000 0:100 = 63.0000m 0:101 = 63.0000m 
+0:102 = 63.0000m 0:103 =630.0000m 0:104 =630.0000m 
+0:110 = -1.2402 0:11) = 26.2129m 0:112 -1,2402 
+0:113 = 23.1689m 0:121 = 1.9920 0:123 1.9925 
+0:777 = -2.5000 0:388 = 2.0000 1:13 =636.500m 
+1:14 =614.6238m 1:15 = 81.2740m 1:16 = 32.4038m 
41:17) = 26.2202m 3:5 = 1.9920 5:5 = 1.9925 

+6:7 = 53.9658m 6:8 = 66.4030m 6:9 =681.1090m 
+8:10 = 53.0980m 8:11 = 56.9463m 8:12 = 653.4893m 
+8:13 = 653.4893m 9:10 = 53.0980m 9:11 =651.3630m 
+9:12  =651.4733m 9:13 = 651.4733m 10:10 =651.4758m 
+10:11 = 651.4758m 10:12 = 56.9463m 10:13 =651.4758m 
+11:10 =650.4062m 11:11 = 650.2962m 11:12 =650.4062m 
$11:13 = 650.4062m i2:6 = 1.3577 12:7 =652.4880m 
+12:9 = 74.9279m 12:10 = 230.8769m 12:11  =-504.6665m 
412:12 = -1.5552 12:13 = -1.8701 12:14 = -2.1851 
$12:25 = 1.9693 13:6 = 1.3583 13:7 23652.9635m 
+13:9 = 74.9209m 13:10 = 230.8713m 13:11 =-504.6721m 
413:12) = -1.5552 13:13 = -1.8701 13:14 = -2.1851 
413:25 = 1.9702 18:6 = 35.5694m 20:6 = 508.1467m 
421:6 = 34.2476m 22:6 == 51.0945m 


Opening plot unit= 16 
file=wlogic1 .tr0 


** hspice file created for circuit wlogic: transient&power @ 25.0c 
****** transient analysis tnom= 25,000 temp= 25.000 
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BERK ER 


avgpwr ss = -7.1033E-02 from= 0.0000E+00 to= 2.0000E-08 
vmax = 6.3964E-O1 at= 1.6750E-08 

from= 2.0000E-09 to= 2.0000E-08 
vmin = -6.6850E-02 at= 1.2700E-08 

from= 2.0000E-09 to= 2.0000E-08 
vmin2  —- =: 2.6230E-02 
tphl = 8.5134E-11 targ= 1.6834E-08 trig= 1.6749E-08 
tplh = 2.4188E-10 targ= 1.2893E-08 trig= 1.2651E-08 
tise = 4.2605E-10 targ= 1.3156E-08 trig= 1.2730E-08 
tfall = 8.8808E-11 targ= 1.6880E-08 tig= 1.6791E-08 
tdelay = 4.8307E-10 targ= 4.7220E-09 trig= 4.2389E-09 

###*% job concluded 


total cpu time 46.47 seconds 
job started at 9:45:34 8-feb93 
jobended at 9:48:2 8-feb93 


I am done with wlogic!.sp 
Mon Feb 8 09:48:03 PST 1993 


T. GaAs DRAM HSPICE Pad->Pad Simulation 


The GaAs DRAM design was simulated multiple times per temperature setting using HSPICE for 
the transient analysis. The reason for the multiple runs arises from the use the HSPICE “option probe” which 
restrictes the output data file to a maximum of 32 target nodes. Additionally. the replicated GaAs DRAM data 
from the second and further HSPICE pad->pad simulation runs will be deleted leaving only the data unique 
to each. 


1. Run #1 LISTING FILE 


Using: /tools3/cad/meta/h9007/sun4. 1 /hspice 

lic: license granted bv the license server for hspice 

lic: from permit file: /tools3/cad/meta/h9007 /permit.hsp 

reading install configuration file: /tools3/cad/meta/h9007 /meta.cfg, 

reading design configuration file: gdram0.cfg 

Setting user memory from config file to 1000000 words. ( 8000000 bytes) 


wxeee® hspice WO07d 10:47:32 6-feb93 sun 

** spice file created for circuit gaasdram0 1/10/93 mike morris 
**#*** copyright 1990 meta-software.inc. *****site: 

he ee ee input listing 

RRKKEK 

* hspice.ini 

** technology: edgaas 


me 
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** node: 0 = gnd 

** node: | = vdd 

jO 100 101 00 jfer04 j=1.2 we28.4 

jl 102 103 0 0 jfet04 I=1.2 w=28.4 
j2.0 101 100 0 jfet04 l=1.2 w=28.4 

j3 0 101 103 0 jfet04 l=1.2 w=18.8 
§4.0 103 102 0 jfet04 [=1.2 w=28.4 

j5 100 100 I 0 jfetl6 l=1.6 w=6.4 

j6 103 103 1 0 jfetl6 [=2.4 w=3.6 

j7 102 102 | O jfetl6 =1.6 w=6.4 

j8 1 102 104 0 jfetl6 1=1.6 w=34.8 

j9 104 100 00 jfet04 1=1.2 w=47.6 
j10 104 100 0 0 jfet04 1=1.2 w=47.6 
j11 0 100 104 0 jfetO4 1=1.2 w=42.4 
j12.0 100 104 0 jfet04 1=1.2 w=42.4 
j13 105 1 105 248 diol6 l=2.4 w=36.4 
j14 106 1 106 248 diol6 1=1.2 w=30.4 
j15 105 1 105 248 diol6 1=2.4 w=52.0 
j16 106 1 106 248 diol6 l=1.2 w=30.4 
jl7 105 { 105 248 diol6 l=2.4 w=52.0 
jl8 106 1 106 248 diol6 1=1.2 w=30.4 
j19 106 1 106 248 diol6 1=1.2 w=30.4 
j20 105 1 105 248 diol6 l=2.4 w=52.0 
j21 106 1 106 248 diol6 1=1.2 w=30.4 
j22 105 1 105 248 dioi6 |=2.4 w=52.0 
523 106 1 106 248 diol6 I=1.2 w=30.4 
j2A 105 1 105 248 diol6 1l=2.4 w=52.0 
j25 106 1 106 248 diol6 1=1.2 w=50.4 
j26 105 1 105 248 diol6 1=2.4 w=52.0 
j27 106 1 106 248 diol6 1=1.2 w=30.4 
j28 106 1 106 248 diol6 I=1.2 w=30.4 
j29 106 1 106 248 diol6 I=1.2 w=29.2 
j30 106 104 107 0 jfet04 l=1.2 w=47.6 
j31 107 104 105 0 jfet04 I=1.2 w=34.8 
j32 107 104 106 0 jfet04 l=1.2 w=47.6 
333 105 104 107 0 jfet04 1=1.2 w=34.8 
334 106 104 107 0 jfet04 i=1.2 w=47.6 
J35 107 104 105 0 jfet04 1=1.2 w=34.8 
396 107 104 196 0 jfet04 I=1.2 w=47.6 
j37 105 104 107 0 jfet04 l=1.2 w=34.8 
§38 106 104 107 0 jfet04 I=1.2 w=47.6 
j39 107 104 105 0 jfet04 I=1.2 w=34.8 
j40 107 104 106 0 jfet04 J=1.2 w=47.6 
j41 105 104 107 0 jfet04 [=1.2 w=34.8 
J42 106 104 107 0 jfet04 i=1.2 w=47.6 
§43 107 104 105 0 jfetO4 1=1.2 w=34.8 
j44 107 104 106 0 jfet04 l=1.2 w=47.6 
345 105 104 107 0 jfet04 l=1.2 w=34.8 
346 106 104 107 0 jfetO4 l=1.2 w=47.6 
j47 107 104 105 0 jfet04 I=1.2 w=34.8 
j48 107 104 106 0 jfetO4 i= 1.2 w=47.6 











449 105 104 107 0 jfet04 I=1.2 w=34.8 
j50 106 104 107 0 jfet04 i=1.2 w=47.6 
j51 107 104 105 0 jfet04 1=1.2 w=34.8 
452 107 104 106 0 jfet04 I= 1.2 w=47.6 
553 105 104 107 0 ‘fetu4 11.2 w=34.8 
j54 106 104 107+ yret04 1=1.2 w=47.6 
455 107 104 * 5 0 jfet04 l=1.2 w=34.8 
556 107 104 106 0 jfet04 !=1.2 w=47.6 
457 105 104 107 0 jfet04 i=1.2 w=34.8 
j58 106 104 107 0 jfet04 I=1.2 w=47.6 
j59 107 104 105 0 jfet04 I=1.2 w=34.8 
j60 107 104 106 0 jfet04 I=1.2 w=47.6 
j61 105 104 107 0 jfet04 I=).2 w=34.8 
j62 106 104 107 0 jfet04 l= 1.2 w=47.6 
563 107 104 105 0 jfet04 I=1.2 w=34.8 
j64 107 104 106 0 jfet04 I=1.2 w=47.6 
j65 105 104 107 0 jfet04 I=1.2 w=34.8 
j66 106 104 107 0 jfet04 I=1.2 w=47.6 
}67 107 104 105 0 jfet4 i=1.2 w=34.8 
j68 107 104 106 0 jfet04 i= 1.2 w=47.6 
j69 105 104 107 0 jfet04 I=1.2 w=34.8 
j70 106 104 107 0 jfet04 I=1.2 w=5.2 
j71 1 107 1 248 diol6 i=1.2 w=2.0 
j72 107 0 107 248 diol6 I=1.2 w=48.0 
j73 1 107 1 248 diol6 1=1.2 w=49.2 
j74 107 0 107 248 diol6 I=1.2 w=48.0 
775 1 107 1 248 diol6 l= 1.2 w=49.2 
576 107 0 107 248 diol6 I=1.2 w=48.0 
j77 1 107 1 248 diol6 l=1.2 w=49.2 
j78 107 0 107 248 diol6 1=1.2 w=48.0 
j79 1 107 1 248 diol6 l=1.2 w=49.2 
j80 107 0 107 248 diol6 l=1.2 w=48.0 
j81 1 107 1 248 diol6 I=1.2 w=49.2 
j82 107 0 107 248 diol6 l=1.2 w=48.0 
583 1 107 1 248 diol6 I=1.2 w=49.2 
784 108 109 0 0 jfet04 l=1.2 w=28.4 
585 110 111 00 jfet04 t=1.2 w=28.4 
586 0 109 108 0 jfet04 I=1.2 w=28.4 
j87 0 109 111 0 jfet04 1=1.2 w=18.8 
588 0 111 1100 jfet04 121.2 w=28.4 
589 108 108 1 0 jfeti6 i=1.6 w=6.4 
j90 LIL 111 10 jfetl6 [=2.4 w=3.6 

j91 110 110 1 0 jfetl6 1=1.6 w=6.4 
592 1 110 112 0 jfetl6 1=1.6 w=34.8 
593 112 108 0.0 jfet04 I= 1.2 w=47.6 
j94 112 108 00 jfet04 I= 1.2 w=47.6 
495 0 108 112 0 jfet04 1=1.2 w=42.4 
j96 0 108 112 0 jfet04 1=1.2 w=42.4 
j97 113 1 113 248 diol6 I=2.4 w=36.4 
j98 114 1 114 248 diol6 l=1.2 w=30.4 
j99 113 1 113 248 diol6 i=2.4 w=52.0 





j100 114 1 114 248 diol6 t=1.2 w=30.4 
jlOL 113 1 113 248 diot6 [=2.4 w=52.0 
jtO2 114 1 114 248 dioié I= 1.2 w=30.4 
j103 114 1 114 248 diol6 1=1.2 w=30.4 
j104 113 1 113 248 diol6 1=2.4 w=52.0 
7105 114 1 114 248 diol6 1=1.2 w=30.4 
j106 113 1 113 248 diol6 1=2.4 w=52.0 
j107 114 1 114 248 diol6 1=1.2 w=30.4 
j108 113 1 113 248 diol6 l=2.4 w=52.0 
j109 114 1 114 248 diol6 l=1.2 w=30.4 
j1L0 113 1 113 248 diol6 1=2.4 w=52.0 
jill 114 1 114 248 diol6 l=1.2 w=30.4 
jll2 114 1 114 248 diol6 1=1.2 w=30.4 
j113 114 1 114 248 diol6 1=1.2 w=29.2 
3114 114 112 115 0 jfet04 1=1.2 w=47.6 
jUIS 115 112 113 0 jfetO4 i= 1.2 w=34.8 
j116 115 112 114 0 jfet04 I= 1.2 w=47.6 
j1l7 113 112 115 0 jfet04 l= 1.2 w=34.8 
j118 114 112 115 0 ifet04 I= 1.2 w=47.6 
j1L9 115 112 113 0 jfer04 l= 1.2 w=34.8 
}120 115 112 114 0 jfet04 1=1.2 w=47.6 
j121 113 112 115 0 jfet04 1=1.2 w=34.8 
j122 114 112 115 0 jfet04 1=1.2 w=47.6 
j123 115 112 113 0 jfet04 1=1.2 w=34.8 
j124 115 112 114 0 jfet04 1=1.2 w=47.6 
3125 113 112 115 0 jfet04 1=1.2 w=34.8 
5126 114 112 115 0 jfet04 1=1.2 w=47.6 
j127 115 112 113 0 jfet04 1=1.2 w=34.8 
j128 115 112 114 0 jfetO4 l= 1.2 w=47.6 
j129 113 112 115 0 jfet04 l= 1.2 w=34.8 
j130 114 112 115 0 jfet04 t=1.2 w=47.6 
j131 115 112 113 0 jfetO4 1=1.2 w=34.8 
4132 115 112 114 0 jfet04 1=1.2 w=47.6 
3133 113 112 115 0 jfet04 1=1.2 w=34.8 
j134 114 112 115 0 jfet04 I= 1.2 w=47.6 
4135 115 112 113 0 jfet04 l=1.2 w=34.8 
j136 115 112 114 0 jfet04 1=1.2 w=47.6 
j137 113 112 115 0 jfet04 I=1.2 w=34.8 
j138 114 112 115 0 jfet04 1=1.2 w=47.6 
j139 115 112 113 0 jfetO4 1=1.2 w=34.8 
5140 115 112 114 0 jfet04 l=1.2 w=47.6 
j141 113 112 115 0 jfet04 1=1.2 w=34.8 
j142 114 112 115 0 jfet04 l=1.2 w=47.6 
j143 115 112 113 0 jfetO4 1=1.2 w=34.8 
j144 115 112 114 0 fet04 l=1.2 w=47.6 
j145 113 112 115 0 jfet04 1=1.2 w=34.8 
5146 114 112 115 0 jfet04 1=1.2 w=47.6 
3147 115 112 113 0 jfet04 1=1.2 w=34.8 
5148 115 112 1140 jfetO4 1=1.2 w=47.6 
j149 113 112 115 0 jfetO4 1=1.2 w=34.8 
j150 114 £12 115 0 jfet04 1=1.2 w=47.6 
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j151 115 112 113 0 jfet04 I= 1.2 w=34.8 
3152 115 112 114 0 jfet04 t=1.2 w=47.6 
4153 113 112 115 0 jfet04 l=1.2 w=34.8 
3154 114 112 115 0 jfet04 f=1.2 w=5.2 
3155 1 115 1 248 diol6 l=1.2 w=2.0 
3156 115 0 115 248 diol6 I= 1.2 w=48.0 
j157 1 115 1 248 diol6 l=1.2 w=49.2 
5158 115 0 115 248 diol6 l=1.2 w=48.0 
5159 1 115 1 248 diol6 l= 1.2 w=49.2 
5169 115 0 115 248 diol6 l=1.2 w=48.9 
jlot 1 115 1 248 diol6 l=1.2 w=49 2 
5162 115 0 115 248 diol6 l=1.2 w=48.0 
j163 1 115 1 248 diol6 l=1.2 w=49.2 
j164 115 0 115 248 diol6 1=1.2 w=48.0 
j165 1 115 1 248 diol6 l=1.2 w=49.2 
3166 115 0 115 248 diol6 I=1.2 w=48.0 
j167 1 115 1 248 diol6 I=1.2 w=49.2 
j168 116 117 00 jfet04 1=1.2 w=28.4 
7169 118 119 00 jfet04 1=1.2 w=28.4 
5170 0 117 116 0 jfet04 1=1.2 w=28.4 
3171 0 117 119.0 jfet04 l= 1.2 w=18.8 
j172.0 119 118 0 jfet04 l=1.2 w=28.4 
j173 116 116 1 0 jfetl6 1=1.6 w=6.4 
5174 119 119 1 0 jfetl6 1=2.4 w=3.6 
j175 118 118 10 jfetl6 1=1.6 w=6.4 
7176 1 118 120 0 jfet16 I=1.6 w=34.8 
j177 120 116 00 jfet04 l=1.2 w=47.6 
3178 120 116 00 jiet04 I=1.2 w=47 6 
5179 0 116 120 0 jfet04 l=1.2 w=42.4 
}180 0 116 120 0 jfet04 l=1.2 w=42.4 
3181 121 1 121 248 diol6 1=2.4 w=36.4 
3182 122 1 122 248 diol6 I=1.2 w=30.4 
5183 121 1 121 248 diol6 l=2.4 w=52.0 
}184 122 1 122 248 diol6 l=1.2 w=30.4 
4185 121 1 121 248 diol6 l=2.4 w=52.0 
j186 122 £ 122 248 diol6 l=1.2 w=30.4 
5187 122 1 122 2A8 diol6 I=1.2 w=30.4 
j188 121 1 121 248 diol6 1=2.4 w=52.0 
j189 122 1 122 248 diol6 I= 1.2 w=30.4 
j190 121 1 121 248 diol6 I=2.4 w=52.0 
j191 122 1 122 248 diol6 l= 1.2 w=30.4 
j192 121 1 121 248 diol6 1=2.4 w=52.0 
5193 122 1 122 248 diol6 l=1.2 w=30.4 
j194 121 1 121 248 diol6 1=2.4 w=52.0 
j195 122 1 122 248 diol6 l=1.2 w=30.4 
j196 122 1 122 248 diol6 l=1.2 w=30.4 
j197 122 1 122 248 diol6 l=1.2 w=29.2 
j198 122 120 123 0 jfet04 1=1.2 w=47.6 
j199 123 120 121 0 jfet04 l= 1.2 w=34.8 
4200 123 120 122 0 jfet04 I=1.2 w=47.6 
5201 121 120 123 0 jfet04 l=1.2 w=34.8 





j202 122 120 123 0 jfet04 I=1.2 w=47.6 
j203 123 120 121 0 jfer04 I=1.2 w=34.8 
5204 123 120 122 0 jfet04 I=1.2 w=47.6 
j205 121 120 123 0 jfet04 1=1.2 w=34.8 
5206 122 120 123 0 jfet04 I= 1.2 w=47.6 
j207 123 120 121 0 jfet04 1=1.2 w=34.8 
j208 123 120 122 0 jfet04 1=1.2 w=47.6 
j209 121 120 123 0 jfet04 1=1.2 w=34.8 
j210 122 120 123 0 jfet04 1=1.2 w=47.6 
j211 123 120 121 0 jfet04 l=1.2 w=34.8 
j212 123 120 122 0 jfet04 l=1.2 w=47.6 
4213 121 120 123 0 jfet04 I=1.2 w=34.8 
5214 122 120 123 0 jfet04 l=1.2 w=47.6 
j215 123 120 121 0 jfet04 1=1.2 w=34.8 
j216 123 120 122 0 jfet04 i=1.2 w=47.6 
j217 121 120 123 0 jfet04 I= 1.2 w=34.8 
4218 122 120 123 0 jfet04 1=1.2 w=47.6 
j219 123 120 121 0 jfet04 I=1.2 w=34.8 
5220 123 120 122 0 jfet04 l=1.2 w=47.6 
j221 121 120 123 0 jfet04 1=1.2 w=34.8 
j222 122 120 123 0 jfer04 1=1.2 w=47.6 
5223 123 120 121 0 jfet04 l= 1.2 w=34.8 
j224 123 120 122 0 jfet04 l= 1.2 w=47.6 
j225 121 120 123 0 jfet04 t=1.2 w=34.8 
j226 122 120 123 0 jfet04 l=1.2 w=47.6 
j227 123 120 121 0 jfet04 1=1.2 w=34.8 
j228 123 120 122 0 jfet04 1=1.2 w=47.6 
j229 121 120 123 0 jfet04 1=1.2 w=34.8 
5230 122 120 123 0 jfet04 1=1.2 w=47.6 
j231 123 120 121 0 jfet04 I=1.2 w=34.8 
4232 123 120 122 0 jfet04 l=1.2 w=47.6 
j233 121 120 123 0 jfet04 I=1.2 w=34.8 
5234 122 120 123 0 jfet04 I=1.2 w=47.6 
5235 123 120 121 0 jfet04 1=1.2 w=34.8 
5236 123 120 122 0 jfet04 1=1.2 w=47.6 
j237 121 120 123 0 jfet04 1=1.2 w=34.3 
j238 122 120 123 0 jfet04 1=1.2 w=5.2 
j239 1 123 1 248 diol6 1=1.2 w=2.0 
j240 123 0 123 248 diol6 I=1.2 w=48.0 
j241 1 123 1 248 diol6 I=1.2 w=49.2 
j2A2 123 0 123 248 diol6 I= 1.2 w=48.0 
5243 1 123 1 248 diol6 I=1.2 w=49.2 
5244 123 0 123 248 diol6 l=1.2 w=48.0 
j2AS 1 123 1 248 diol6 I=1.2 w=49.2 
j2A6 123 0 123 248 diol6 l=1.2 w=48.0 
j2A7 1 123 1 248 diol6 1=1.2 w=49.2 
5248 123 0 123 248 diol6 I=1.2 w=48.0 
j2A9 1 123 1 248 diol6 I=1.2 w=49.2 
j250 123 0 123 248 diol6 l=1.2 w=48.0 
j251 1 123 1 248 diol6 l=1.2 w=49.2 
j252 124 125 0.0 jfet04 I= 1.2 w=28.4 





5253 126 127 00 jfet04 I= 1.2 w=28.4 
j254 0 125 124 0 jfet04 1=1.2 w=28.4 
5255 0 125 127 0 jfet0 i=1.2 w=18.8 
5256 0 127 126 0 jfet04 1=1.2 w=28.4 
4257 124 124 1 Ojfetl6 1=1.6 w=6.4 
j258 127 127 1 Ojfetl6 1=2.4 w=3.6 
5259 126 126 1 Ojfetl6 I=1.6 w=6.4 
5260 1 126 128 0 jfetl6 1=1.6 w=34.8 
5261 128 124 0 0 jfet04 1=1.2 w=47.6 
5262 128 124 00 jfet04 l=1.2 w=47.6 
5263 O 124 128 0 jfet04 I=1.2 w=42.4 
5264 0 124 128 0 jfet04 [=1.2 w=42.4 
j265 129 1 129 248 diol6 l=2.4 w=36.4 
j266 130 1 130 248 diol6 I=1.2 w=30.4 
j267 129 1 129 248 diol6 l=2.4 w=52.0 
5268 130 1 130 248 diol6 I=1.2 w=30.4 
5269 129 1 129 248 diol6 l=2.4 w=52.0 
5270 130 1 130 248 diol6 l= 1.2 w=30.4 
5271 130 1 130 248 diol6 l=1.2 w=30.4 
j272 129 1 129 248 diol6 =2.4 w=52.0 
5273 130 1 130 248 diol6 I=1.2 w=30.4 
j274 129 1 129 248 diol6 l=2.4 w=52.0 
j275 130 1 130 248 diol6 l=1.2 w=30.4 
j276 129 1 129 248 diol6 l=2.4 w=52.0 
j277 130 1 130 248 diol6 1=1.2 w=30.4 
j278 129 1 129 248 diol6 1=2.4 w=52.0 
4279 130 1 130 248 diol6 I=1.2 w=30.4 
5280 130 1 130 248 diol6 I=1.2 w=30.4 
j281 130 1 130 248 diol6 I=1.2 w=29.2 
j282 130 128 131 0 jfet04 I=1.2 w=47.6 
j283 131 128 129 0 jfet04 l=1.2 w=34.8 
5284 131 128 130 0 jfet04 l=1.2 w=47.6 
4285 129 128 131 0 jfet04 1=1.2 w=34.8 
3286 130 128 131 0 jfet04 I= 1.2 w=47.6 
4287 131 128 129 0 jfet04 l=1.2 w=34.8 
5288 131 128 1300 jfet04 I=1.2 w=47.6 
5289 129 128 131 0 jfet04 I=1.2 w=34.8 
5290 130 128 131 0 jfet04 121.2 w=47.6 
j291 131 128 129 0 jfet04 1=1.2 w=34.8 
5292 131 128 130 0 jfet04 1=1.2 w=47.6 
j293 129 128 131 O jfetO4 l=1.2 w=34.8 
4294 130 128 131 0 jfet04 1=1.2 w=47.6 
5295 131 128 129 0 jfet04 l=1.2 w=34.8 
5296 131 128 130 0 jfet04 I=1.2 w=47.6 
j297 129 128 131 0 jfet04 l=1.2 w=34.8 
5298 130 128 131 0 jfet04 t=1.2 w=47.6 
j299 131 128 129 0 jfet04 l=1.2 w=34.8 
j300 131 128 1300 jfet04 1=1.2 w=47.6 
j301 129 128 131 0 jfet04 I= 1.2 w=34.8 
4302 130 128 131 0 jfet04 1=1.2 w=47.6 
j303 131 128 129 0 jfet04 1=1.2 w=34.8 
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5304 131 128 130 0 jfet04 1=1.2 w=47.6 
5305 129 128 131 0 jfet04 l=1.2 w=34.8 
4306 130 128 131 0 jfet04 1=1.2 w=47.6 
5307 131 128 129 0 jfet04 1=1.2 w=34.8 
j308 13) 128 130 0 jfet04 1=1.2 w=47.6 
j309 129 128 131 0 jfet04 1=1.2 w=34.8 
j310 130 128 131 0 jfet04 1=1.2 w=47.6 
4311 131 128 129 0 jfet04 1=1.2 w=34.8 
j312 131 128 1300 jfet4 1=1.2 w=47.6 
5313 129 128 131 0 jfet04 1=1.2 w=34.8 
3314 130 128 131 0 jfet04 1=1.2 w=47.6 
j315 131 128 129 0 jfetO4 1=1.2 w=34.8 
5316 131 128 1300 jfet04 1=1.2 w=47.6 
7317 129 128 131 0 jfet04 1=1.2 w=34.8 
j318 130 128 131 0 jfet04 1=1.2 w=47.6 
j319 131 128 129 0 jfet04 1=1.2 w=34.8 
5320 131 128 130 0 jfet04 1=1.2 w=47.6 
5321 129 128 131 0 jfet04 I=1.2 w=34.8 
5322 130 128 131 0 jfet04 1=1.2 w=5.2 
3323 1 131 1 248 diol6 I=1.2 w=2.0 
j324 131 0 131 248 diol6 I=1.2 w=48.0 
3325 1 131 1 248 diol6 I=1.2 w=49.2 
5326 131 O 131 248 diol6 J=1.2 w=48.0 
j327 1 131 1 248 diol6 1=1.2 w=49.2 
j328 131 0 131 248 diol6 I=1.2 w=48.0 
j329 1 131 1 248 diol6 1=1.2 w=49.2 
5330 131 0 131 248 diol6 I=1.2 w=48.0 
7331 1 131 1 248 diol6 1=1.2 w=49.2 
5332 131 0 131 248 diol6 I=1.2 w=48.0 
j333 1 131 1 248 diol6 1=1.2 w=49.2 
5334 131 0 131 248 diol6 I=1.2 w=48.0 
7335 1 131 1 248 diol6 I=1.2 w=49.2 
4336 132 133 0 0 jfet04 I=1.2 w=28.4 
5337 134 135 0.0 jfew04 I=1.2 w=28.4 
5338 O 133 132 0 jfetO4 1=1.2 w=28.4 
5339 0 133 135 0 jfetO4 I=1.2 w=18.8 
5340 0 135 134 0 jfet04 1=1.2 w=28.4 
j341 132 132 1 0 jfetl6 I=1.6 w=6.4 
4342 135 135 1 0 jfetl6 1=2.4 w=3.6 
7343 134 134 1 0 jfetl6 l=1.6 w=6.4 
5344 1 134 136 0 jfetl6 I=1.6 w=34.8 
j345 136 132 0 0 jfet04 l=1.2 w=47.6 
5346 136 132 00 jfet04 I= 1.2 w=47.6 
5347 0 132 136 0 jfet04 I= 1.2 w=42.4 
5348 0 132 136 0 jfet04 l=1.2 w=42.4 
5349 137 1 137 248 diol6 1=2.4 w=36.4 
5350 138 1 138 248 diol6 I=1.2 w=30.4 
5351 137 1 137 248 diol6 1=2.4 w=52.0 
j352 138 L 138 248 diol6 l=1.2 w=30.4 
j353 137 1 137 248 diol6 l=2.4 w=52.0 
5354 138 1 138 248 diol6 1=1.2 w=30.4 
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j355 138 1 138 248 diol6 l=1.2 w=30.4 
j356 137 1 137 248 diol6 1=2.4 w=52.0 
5357 138 1 138 248 diol6 l=1.2 w=30.4 
5358 137 1 137 248 diol6 1l=2.4 w=52.0 
j359 138 1 138 248 diol6 I=1.2 w=304 
5360 137 1 137 248 diol6 I=2.4 w=52.0 
3361 138 1 138 248 diol6 I=1.2 w=30.4 
5362 137 1 137 248 diol6 1=2.4 w=52.0 
5363 138 1 138 248 diol6 I=1.2 w=30.4 
5364 138 1 138 248 diol6 I=1.2 w=30.4 
5365 138 1 138 248 diol6 l=1.2 w=29.2 
5366 138 136 139 0 jfet04 I=1.2 w=47.6 
3367 139 136 137 0 jfet04 1=1.2 w=34.8 
4368 139 136 138 0 jfet04 I=1.2 w=47.6 
5369 137 136 139 0 jfet04 I=1.2 w=34.8 
j370 138 136 139 0 jfet04 I=1.2 w=47.6 
5371 139 136 137 0 jfet04 1=1.2 w=34.8 
j372 139 136 138 0 jfet04 I=1.2 w=47.6 
5373 137 136 139 0 jfet04 1=1.2 w=34.8 
5374 138 136 139 0 jfet04 I=1.2 w=47.6 
5375 139 136 137 0 jfet04 I=1.2 w=34.8 
}376 139 136 138 0 jfet04 I= 1.2 w=47.6 
5377 137 136 139 0 jfet04 l=1.2 w=34.8 
}378 138 136 139 0 jfet04 I= 1.2 w=47.6 
3379 139 136 137 0 jfet04 I= 1.2 w=34.8 
}380 139 136 138 0 jfet04 1=1.2 w=47.6 
5381 137 136 139 0 jfet04 I= 1.2 w=34.8 
5382 138 136 139 0 jfet04 l=1.2 w=47.6 
5383 139 136 137 0 jfet04 l=1.2 w=34.8 
5384 139 136 138 0 jfet04 I= 1.2 w=47.6 
5385 137 136 139 0 jfet04 t=1.2 w=34.8 
5386 138 136 139 0 jfet04 I=1.2 w=47.6 
5387 139 136 137 0 jfet04 1=1.2 w=34.8 
5388 139 136 138 0 jfet04 I= 1.2 w=47.6 
5389 137 136 139 0 jfet04 1=1.2 w=34.8 
5390 138 136 139 0 jfet04 I= 1.2 w=47.6 
5391 139 136 137 0 jfet04 1=1.2 w=34.8 
j392 139 136 138 0 jfet04 l=1.2 w=47.6 
4393 137 136 139 0 jfet04 I=1.2 w=34.8 
5394 138 136 139 0 jfet04 I=1.2 w=47.6 
4395 139 136 137 0 jfet04 1=1.2 w=34.8 
5396 139 136 138 0 jfet04 1=1.2 w=47.6 
4397 137 136 139 0 jfet04 I=1.2 w=34.8 
j398 138 136 139 0 jfet04 l=1.2 w=47.6 
4399 139 136 137 0 jfet04 l= 1.2 w=34.8 
5400 139 136 138 0 jfet04 I=1.2 w=47.6 
j401 137 136 139 0 jfet04 I=1.2 w=34.8 
j402 138 136 139 0 jfet04 l=1.2 w=47.6 
5403 139 136 137 0 jfet04 l=1.2 w=34.8 
4404 139 136 138 0 jfet04 l=1.2 w=47.6 
}405 137 136 139 0 jfet04 1=1.2 w=34.8 
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4406 138 136 139 0 jfet04 I=1.2 w=5.2 
4407 1 139 1 248 diol6 I=1.2 w=2.0 
4408 139 0 139 248 diol6 I=1.2 w=48.0 
3409 1 139 1 248 diol6 1=1.2 w=49.2 
4410 139 0 139 248 diol6 1=1.2 w=48.0 
j411 1 139 1 248 diol6 I=1.2 w=49.2 
j412 139.0 139 248 diol6 l=1.2 w=48.0 
j413 1 139 1 248 diol6 I=1.2 w=49.2 
j414 139 0 139 248 diol6 l=1.2 w=48.0 
j415 1 139 1248 diol6 l=1.2 w=49.2 
4416 139 0 139 248 diol6 I=1.2 w=48.0 
j417 1 139 1 248 diol6 1=1.2 w=49.2 
}418 139.0 139 248 diol6 l=1.2 w=48.0 
5419 1 139 1 248 diol6 l=1.2 w=49.2 
3420 140 141.0 0 jfet04 I= 1.2 w=28.4 
4421 142 143 0 0 jfet04 l=1.2 w=28.4 
5422.0 141 140 0 jfet04 I= 1.2 w=28.4 
5423 0 141 143 0 jfe104 1=1.2 w=18.8 
5424 0 143 142 0 jfet04 1=1.2 w=28.4 
4425 140 140 1 0 jfetl6 1=1.6 w=6.4 
3426 143 143 1 0 jfetl6 1=2.4 w=3.6 
3427 142 142 1 O jfeti6 l= 1.6 w=6.4 
4428 1 142 144 0 jfetl6 1=1.6 w=34.8 
5429 144 1400 0 jfet04 l= 1.2 w=47.6 
3430 144 140 0 0 jfet04 1=1.2 w=47.6 
3431 0 140 144 0 jfet04 1=1.2 w=42.4 
5432 0 140 144 0 jfet04 I= 1.2 w=42.4 
5433 145 1 145 248 diol6 I=2.4 w=36.4 
4434 146 1 146 248 diol6 I=1.2 w=30.4 
5435 145 1 145 248 diol6 1=2.4 w=52.0 
}436 146 1 146 248 diol6 I=1.2 w=30.4 
4437 145 1 145 248 diol6 1=2.4 w=52.0 
5438 146 1 146 248 diol6 I=1.2 w=30.4 
5439 146 1 146 248 diol6 l=1.2 w=304 
}440 145 1 145 248 diol6 l=2.4 w=52.0 
5441 146 1 146 248 diol6 l=1.2 w=304 
j442 145 1 145 248 diol6 1=2.4 w=52.0 
5443 146 1 146 248 diol6 I= 1.2 w=30.4 
j444 145 1 145 248 diol6 1=2.4 w=52.0 
3445 146 1 146 248 diol6 I=1.2 w=304 
j446 145 1 145 248 diol6 l=2.4 w=52.0 
4447 146 1 146 248 diol6 I=1.2 w=30.4 
5448 146 1 146 248 diol6 I=1.2 w=30.4 
5449 146 1 146 248 diol6 I=1.2 w=29.2 
5450 146 144 147 0 jfet04 1=1.2 w=47.6 
j451 147 144 145 0 jfet04 1=1.2 w=34.8 
5452 147 144 146 0 jfet04 l=1.2 w=47.6 
j453 145 144 147 0 jfet04 I=1.2 w=34.8 
5454 146 144 147 0 jfet04 1=1.2 w=47.6 
j455 147 144 145 0 jfet04 I=1.2 w=34.8 
4456 147 144 146 0 jfetO04 1=1.2 w=47.6 
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4457 145 144 147 0 jfet04 I=1.2 w=34.8 
5458 146 144 147 0 jfet04 1=1.2 w=47.6 
3459 147 144 145 0 jfet04 1=1.2 w=34.8 
5460 147 144 146 0 jfet04 I=1.2 w=47.6 
j461 145 144 147 0 jfer04 I= 1.2 w=34.8 
4462 146 144 147 0 jfet04 l=1.2 w=47.6 
4463 147 144 145 0 jfet04 I= 1.2 w=34.8 
5464 147 144 146 0 jfet04 I= 1.2 w=47.6 
5465 145 144 147 0 jfet04 l=1.2 w=34.8 
5466 146 144 147 0 jfet04 I= 1.2 w=47.6 
3467 147 144 145 0 jfet04 1=1.2 w=34.8 
5468 147 144 146 0 jfet04 1=1.2 w=47.6 
4469 145 144 147 0 jfet04 l=1.2 w=34.8 
5470 146 144 147 0 jfet04 l= 1.2 w=47.6 
j471 147 144 145 0 jfet04 1=1.2 w=34.8 
4472 147 144 146 0 jfet04 1=1.2 w=47.6 
7473 145 144 147 0 jfet04 l=1.2 w=34.8 
4474 146 144 147 0 jfet04 I=1.2 w=47.6 
4475 147 144 145 0 jfet04 1=1.2 w=34.8 
4476 147 144 146 0 jfet04 1=1.2 w=47.6 
3477 145 144 147 0 jfet04 I=1.2 w=34.8 
5478 146 144 147 0 jfet04 I=1.2 w=47.6 
3479 147 144 145 0 jfet04 1=1.2 w=34.8 
4480 147 144 146 0 jfet04 1=1.2 w=47.6 
4481 145 144 147 0 jfet04 I= 1.2 w=34.8 
4482 146 144 147 0 jfet04 l= 1.2 w=47.6 
3483 147 144 145 0 jfet04 1=1.2 w=34.8 
5484 147 144 146 0 jfet04 1=1.2 w=47.6 
5485 145 144 147 0 jfet04 I=1.2 w=34.8 
5486 146 144 147 0 jfet04 I= 1.2 w=47.6 
5487 147 144 145 0 jfet04 1=1.2 w=34.8 
5488 147 144 146 0 jfet04 1=1.2 w=47.6 
}489 145 144 147 0 jfet04 I=1.2 w=34.8 
5490 146 144 147 0 jfet04 I=1.2 w=5.2 
3491 1 147 1 248 diol6 I=1.2 w=2.0 
4492 147 0 147 248 diol6 I=1.2 w=48.0 
3493 1 147 1 248 diol6 l=1.2 w=49.2 
4494 147 0 147 248 diol6 =1.2 w=48.0 
3495 1 147 1 248 diol6 l=1.2 w=49.2 
4496 147 0 147 248 diol6 l=1.2 w=48.0 
4497 1 147 1 248 diol6 l=1.2 w=49.2 
3498 147 0 147 248 diol6 i=1.2 w=48.0 
4499 1 147 1 248 diol6 [=1.2 w=49.2 
4500 147 0 147 248 diol6 I=1.2 w=48.0 
4501 1 147 1 248 diol6 1=1.2 w=49.2 
j502 147 0 147 248 diol6 I=1.2 w=48.0 
4503 1 147 1 248 diol6 1=1.2 w=49.2 
j504 1 148 148 0 jfetl6 l=1.2 w=6.0 
4505 149 149 1 0 jfetl6 l=1.2 w=6.0 
5506 1 150 150 0 jfetl6 l=1.2 w=6.0 
3507 151 151 1 O jfetl6 l= 1.2 w=6.0 
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4508 1 152 152 0 jfetl6 1=1.2 w=6.0 
j509 1 153 153 0 jfetl6 l=1.2 w=6.0 
5510 154 154 1 0 jfetl6 I=1.2 w=6.0 
j511 1 155 155 0 jfetl6 1=1.2 w=6.0 
4512 156 156 I 0 jfetl6 1=1.2 w=6.0 
4513 1 157 157 0 jfeti6 1=1.2 w=6.0 
j514 1 158 158 0 jfetl6 1=1.2 w=6.0 
j515 159 159 1 0 jfeti6 1=1.2 w=6.0 
4516 1 160 1600 jfetl6 1=1.2 w=6.0 
j517 161 161 1 0 jfetl6 1=1.2 w=6.0 
j518 1 162 162 0 jfetl6 I= 1.2 w=6.0 
j519 1 163 163 0 jfetl6 l=1.2 w=6.0 
5520 164 164 1 0 jfetl6 I=1.2 w=6.0 
5521 1 165 165 O jfetl6 1=1.2 w=6.0 
5522 166 166 1 0 jfetl6 I= 1.2 w=6.0 
4523 1 167 167 0 jfetl6 1=1.2 w=6.0 
5524 148 168 0 0 jfet04 l= 1.2 w=48.0 
4525 0 168 148 0 jfet04 1=1.2 w=48.0 
4526 149 169 0 0 jfet04 1=1.2 w=48.0 
4527 0 169 149 0 jfet04 1=1.2 w=48.0 
4528 150 170 0 0 jfet04 1=1.2 w=48.0 
5529 0 170 150 0 jfet04 I=1.2 w=48.0 
4530 151 171 0 0 jfet04 1=1.2 w=48.0 
45310 171 151 0 jfet04 I=1.2 w=48.0 
4532 152 151 00 jfet04 l= 1.2 w=48.0 
4533 0 15) 152 0 jfew4 1=1.2 w=48.0 
5534 152 150 0 0 jfet04 I=1.2 w=48.0 
3535 0 150 152 0 jfet04 1=1.2 w=48.0 
4536 152 149 0 0 jfet04 I=1.2 w=48.0 
3537 0 149 152 0 jfet04 I=1.2 w=48,0 
4538 152 148 0 0 jfet04 I= 1.2 w=48.0 
4539 0 148 152 0 jfet04 I=1.2 w=48.0 
5540 153 172 0 0 jfet04 1=1.2 w=48.0 
4541 0 172 153 0 jfet04 I= 1.2 w=48.0 
j542 154 173 0 0 jfet04 I= 1.2 w=48.0 
5543 0 173 154 0 jfet04 I=1.2 w=48.0 
4544 155 174.0 0 jfet04 1=1.2 w=48.0 
5545 0 174 155 0 jfet04 l= 1.2 w=48.0 
4546 156 175 0 0 jfet04 1=1.2 w=48.0 
4547 0 175 156 0 jfet04 1=1.2 w=48.0 
5548 157 156 0 0 jfet04 l= 1.2 w=48.0 
4549 0 156 157 0 jfet04 I= 1.2 w=48.0 
4550 157 155 0 0 jfet04 I=1.2 w=48.0 
4551 0 155 157 0 jfet04 l= 1.2 w=48.0 
4552 157 154 0 0 jfet04 l= 1.2 w=48.0 
4553 O 154 157 0 jfet04 l=1.2 w=48.0 
5554 157 153 0.0 jfet04 1=1.2 w=48.0 
4555 0 153 157 0 jfet04 1=1.2 w=48.0 
5556 158 168 0 0 jfet04 I= 1.2 w=48.0 
4557 0 168 158 0 jfet04 1=1.2 w=48.0 
5558 159 174.0 0 jfet04 I= 1.2 w=48.0 
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j559 0 174 159 0 jfetO4 i=1.2 w=48.0 
5560 160 175 0.0 jfet04 1=1.2 w=48.0 
5561 0 175 160 0 jfet04 1=1.2 w=48.0 
4562 161 172.00 jfet04 I=1.2 w=48.0 
5563 O 172 161 0 jfet04 I=1.2 w=48.0 
5564 162 161 00 jfet04 1=1.2 w=48.0 
4565 0 161 162 0 jfet04 1=1.2 w=48.0 
5566 162 160 0 0 jfet04 1=1.2 w=48.0 
4567 O 160 162 0 jfet04 1=1.2 w=48.0 
j568 162 159 00 jfet04 1=1.2 w=48.0 
4569 0 159 162 0 jfet04 l= 1.2 w=48.0 
4570 162 158 0 0 jfet04 l=1.2 w=48.0 
5571 0 158 162 0 jfet04 1=1.2 w=48.0 
4572 163 168 0 0 jfet04 1=1.2 w=48.0 
5573 0 168 163 0 jfet04 I=1.2 w=48.0 
4574 164 174 0 0 jfet04 l=1.2 w=48.0 
4575 0 174 164 0 jfet04 1=1.2 w=48.0 
5576 165 169 00 jfet04 I=1.2 w=48.0 
5577 0 169 165 0 jfet04 1=1.2 w=48.0 
4578 166 171 0 0 jfe104 I=1.2 w=48.0 
5579 0 171 166 0 jfet04 1=1.2 w=48.0 
5580 167 166 0 0 jfet04 l=1.2 w=48.0 
4581 0 166 167 0 jfet04 1=1.2 w=48.0 
4582 167 165 0 0 jfet04 1=1.2 w=48.0 
5583 0 165 167 0 jfet04 1=1.2 w=48.0 
5584 167 164 00 jfet04 I=1.2 w=48.0 
1585 0 164 167 0 jfew04 I=1.2 w=48.0 
5586 167 163 0 0 jfet04 1=1.2 w=48.0 
j587 0 163 167 0 jfet04 l=1.2 w=48.0 
5588 176 177 178 0 jfetl6 l=1.2 w=3.2 
4589 168 179 180 0 jfetl6 I=1.2 w=8.0 
4590 181 182 168 0 jfetl6 I=1.2 w=8.0 
4591 178 183 168 0 jfet16 1=1.2 w=8.0 
5592 1 184 168 0 jfetl6 l=1.2 w=62.0 
j593 185 177 168 0 jfetl6 1=1.2 w=6.0 
4594 186 187 168 0 jfetl6 l=1.2 w=8.0 
5595 168 184 1 0 jfetl6 I=1.2 w=62.0 
4596 168 188 189 0 jfeti6 1=1.2 w=8.0 
4597 1 184 168 0 jfetl6 1=1.2 w=62.0 
5598 168 190 0 0 jfet04 1=1.2 w=6.0 
5599 168 174.0 0 jfet04 1=1.2 w=70.0 
j600 0 174 168 0 jfet04 I=1.2 w=70.0 
j601 1 191 168 0 jfetl6 1=1.2 w=9.2 
602 168 174 0 0 jfer04 I=1.2 w=70.0 
j603 168 177 174 0 jfet)6 1=1.2 w=17.2 
j604 0 168 174 0 jfet04 I=1.2 w=70.0 
j605 174 168 0 0 jfet04 1=1.2 w=70.0 
j006 1 191 174 Ojfetl6 i=1.2 w=9.2 
5607 0 192 174 0 jfet04 I=1.2 w=6.0 
5608 0 168 174 0 jfet04 I= 1.2 w=70.0 
5609 193 194 174 0 jfet16 l=1.2 w=8.0 
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j610 174 195 1 0 jfetl6 l=1.2 w=62.0 
j611 196 152 0.0 jfet04 1=1.2 w=48.0 
j612 0 152 196 0 jfet04 I= 1.2 w=48.0 
j613 196 157 00 jfet04 I=1.2 w=48.0 
j614 0 157 1~ 0 jfet04 I=1.2 w=48.0 
j615 196 162 0 0 jfet04 1=1.2 w=48.0 
5616 0 162 196 0 jfet04 1=1.2 w=48.0 
j617 196 167 00 jfet04 I= 1.2 w=48.0 
j618 0 167 196 0 jfet04 I= 1.2 w=48.0 
j619 197 196 0 0 jfet04 1=1.2 w=48.0 
5620 0 196 197 0 jfet04 1=1.2 w=48.0 
j621 173 168 0 0 jfet04 I= 1.2 w=48.0 
5622 0 168 173 0 jfet04 I= 1.2 w=48.0 
j623 170 174 00 jfet04 i= 1.2 w=48.0 
j624 0 174 170 0 jfet04 1=1.2 w=48.0 
5625 171 175 0.0 jfet04 1=1.2 w=48.0 
4626 0 175 171 0 jfet04 1=1.2 w=48.0 
5627 172 169 0 0 jfet04 l= 1.2 w=48.0 
j628 0 169 172 0 jfet04 I= 1.2 w=48.0 
5629 198 169 0 0 jfet04 1=1.2 w=48.0 
5630 0 169 198 0 jfet04 1=1.2 w=48.0 
j631 198 175 0 0 jfet04 1=1.2 w=48.0 
j632 0 175 198 0 jfet04 l= 1.2 w=48.0 
5633 199 198 0 0 jfet0+ I= 1.2 w=48.0 
j634 0 198 199 0 jfet04 1=1.2 w=48.0 
5635 200 199 0 0 jfet04 I=1.2 w=48.0 
5636 0 199 200 0 jfet04 1=1.2 w=48.0 
j637 201 202 0 0 jfet04 1=1.2 w=48.0 
j638 0 202 201 0 jfet04 I= 1.2 w=48.0 
5639 203 200 0 0 jfet04 I= 1.2 w=48.0 
j640 0 200 203 0 jfet04 1=1.2 w=48.0 
5641 203 201 0 0 jfet04 1=1.2 w=48.0 
j642 0 201 203 0 jfet04 I= 1.2 w=48.0 
j643 204 197 0 0 jfet04 1=1.2 w=48.0 
5644 0 197 204 0 jfet04 I= 1.2 w=48.0 
5645 174 205 206 0 jfet16 l=1.2 w=8.0 
j646 1 195 174 0 jfetl6 I=1.2 w=62.0 
j647 185 177 174 0 jfetl6 l=1.2 w=6.0 
5648 1 196 196 0 jfetl6 1=1.2 w=6.0 
j649 197 197 1 0 jfeti6 1=1.2 w=6.0 
j650 1 173 173 0 jfetl6 1=1.2 w=6.0 
j651 170 170 1 0 jfetl6 J=1.2 w=6.0 
5652 1 171 171 0 jfetl6 1=1.2 w=6.0 
5653 172 172 1 0 jfetl6 1=1.2 w=6.0 
5654 1 198 198 0 jfetl6 I=1.2 w=6.0 
j655 199 199 1 O jfeti6 I=1.2 w=6.0 
j656 1 200 200 0 jfet16 I= 1.2 w=6.0 
j657 201 201 1 0 jfetl6 1=1.2 w=6.0 
j658 1 203 203 0 jfetl6 I= 1.2 w=6.0 
5659 204 204 1 0 jfetl6 I= 1.2 w=6.0 
j660 207 197 00 jfet04 I= 1.2 w=64.0 





j661 0 197 207 0 jfet04 I= 1.2 w=64.0 
662 207 197 0 0 jfet04 I= 1.2 w=64.0 
j663 208 203 207 0 jfer04 I=1.2 w=64.0 
j664 207 203 208 0 jfet04 I=1.2 w=64.0 
}665 208 203 207 0 jfet04 1=1.2 w=64.0 
666 209 208 141 0 jfet04 I=1.2 w=64.0 
j667 141 208 209 0 jfet04 1=1.2 w=64.0 
7668 209 208 141 0 jfet04 I=1.2 w=64.0 
5669 0 210 209 0 jfet04 I= 1.2 w=64.0 
5670 209 210 0 0 jfet04 1=1.2 w=64.0 
j671 0 210 209 0 jfet04 I=1.2 w=64.0 
j672 211 203 0 0 jfet04 I=1.2 w=64.0 
5673 0.203 211 0 jfet04 I=1.2 w=64.0 
5674 211 203 00 jfet04 I= 1.2 w=64.0 
j675 212 204 211 0 jfet04 I=1.2 w=64.0 
j676 211 204 212 0 jfet04 I=1.2 w=64.0 
j677 212 204 211 0 jfet04 1=1.2 w=64.0 
5678 213 212 210 0 jfet04 1=1.2 w=64.0 
3679 210 212 213 0 jfet04 1=1.2 w=64.0 
5680 213 212 210 0 jfet04 1=1.2 w=64.0 
7681 0 141 213 0 jfet04 I= 1.2 w=64.0 
7682 213 141 00 jfet04 I= 1.2 w=64.0 
j683 0 141 213 0 jfet04 I= 1.2 w=64.0 
j684 174 195 1 0 jfetl6 l= 1.2 w=62.0 
j685 174 214 215 0 jfetl6 1=1.2 w=8.0 
j686 216 217 174 0 jfetl6 1=1.2 w=8.0 
j687 218 219 174 0 jfet16 I=1.2 w=8.0 
j688 1 220 220 0 jfetl6 1=1.2 w=6.0 
j689 1 221 221 O jfetl6 1=1.2 w=6.0 
j690 1 222 222 0 jfeti6 I= 1.2 w=6.0 
j691 1 223 223 0 jfetl6 I=1.2 w=6.0 
j692 208 208 1 0 jfetl6 1=1.2 w=6.0 
j693 141 141 1 0 jfetl6 1=1.2 w=6.0 
j694 212 212 1 0 jfetl6 l=1.2 w=6.0 
5695 210 210 1 0 jfetl6 1=1.2 w=6.0 
5696 176 177 218 0 jfet16 1=1.2 w=3.2 
5697 224 224 1 0 jfetl6 I=1.2 w=6.0 
5698 224 225 0 0 jfet04 I= 1.2 w=48.0 
j699 0 225 224 0 jfet04 I= 1.2 w=48.0 
5700 226 225 00 jfet04 1=1.2 w=64.0 
j701 0 225 226 0 jfet04 1=1.2 w=64.0 
j702 226 225 00 jfet04 1=1.2 w=64.0 
j703 220 227 226 0 jfet04 I=1.2 w=64.0 
j704 226 227 220 0 jfet04 I=1.2 w=64.0 
j705 220 227 226 0 jfet04 1=1.2 w=64.0 
j706 228 220 221 0 jfet04 1=1.2 w=64.0 
j707 221 220 228 0 jfet04 I= 1.2 w=64.0 
j708 228 220 221 0 jfet04 I=1.2 w=64.0 
j709 0 223 228 0 jfet04 I= 1.2 w=64.0 
j710 228 223 0 0 jfet04 I=1.2 w=64.0 
j711 0223 228 0 jfet04 I=1.2 w=64.0 








j712 229 227 00 jfet04 i=1.2 w=64.0 
j713 0 227 229 0 jfet04 I= 1.2 w=64.0 
3714 229 227 00 jfet04 I=1.2 w=64.0 
j715 222 224 229 0 jfet04 1=1.2 w=64.0 
j716 229 224 222 0 jfet04 l=1.2 w=64.0 
j717 222 224 229 0 jfet04 =1.2 w=64.0 
j738 230 222 223 0 jfet04 =1.2 w=64.0 
3719 223 222 230 0 jfer04 1=1.2 w=64.0 
3720 230 222 273 0 jfet04 1=1.2 w=64.0 
j721 0 221 230 0 jfet04 l= 1.2 w=64.0 
j722 230 221 00 jfet04 [=1.2 w=64.0 
j723 0 221 230 0 jfet04 1=1.2 w=64.0 
j724 1 231 231 0 jfetl6 I=1.2 w=6.0 
j725 232 232 1 Ojfetl6 l=1.2 w=6.0 
j726 1 233 233 0 jfetl6 I=1.2 w=6.0 
j727 234 234 1 0 jfetl6 I=1.2 w=6.0 
3728 1 192 192 0 jfetl6 1=1.2 w=6.0 
5729 1 235 235 0 jfetl6 l=1.2 w=6.0 
5730 236 236 1 0 jfetl6 I=1.2 w=6.0 
j731 1 237 237 O jfeti6 I=1.2 w=6.0 
j732 238 238 1 0 jfetl6 I=1.2 w=6.0 
j733 1 239 239 0 jfetl6 I=1.2 w=6.0 
5734 240 240 1 0 jfetl6 1=1.2 w=6.0 
5735 2A1 241 10 jfetl6 l=1.2 w=3.2 
5736 231 242 00 jfet04 i= 1.2 w=48.0 
3737 0 242 231 0 jfet04 I= 1.2 w=48.0 
5738 232 223 0 0 jfet04 l=1.2 w=48.0 
5739 0 223 232 0 jfet04 1=1.2 w=48.0 
j740 233 243 00 jfet04 1=1.2 w=48.0 
j741 0 243 233 0 jfet04 1=1.2 w=48.0 
5742 234 244 0 0 jfe104 1=1.2 w=48.0 
5743 0 244 234 0 jfet04 I= 1.2 w=48.0 
j744 192 234 00 jfet04 I=1.2 w=48.0 
5745 0 234 192 0 jfet04 [= 1.2 w=48.0 
j746 192 233 00 jfet04 I=1.2 w=48.0 
5747 0 233 192 0 jfet04 I=1.2 w=48.0 
j748 192 232 0 0 jfet04 I=1.2 w=48.0 
j749 0 232 192 0 jfetO4 1=1.2 w=48.0 
j750 192 231 0 0 jfet04 I=1.2 w=48.0 
4751 0 231 192 0 jfet04 1=1.2 w=48.0 
5752 235 242 0 0 jfet04 I= 1.2 w=48.0 
5753 0 242 235 0 jfet04 l=1.2 w=48.0 
j754 236 221 0 0 jfet04 1=1.2 w=48.0 
j755 0 221 236 0 jfet04 I=1.2 w=48.0 
5756 237 244 0 0 jfet04 I=1.2 w=48.0 
5757 0 244 237 0 jfet04 I= 1.2 w=48.0 
5758 238 243 0 0 jfet04 I= 1.2 w=48.0 
5759 0 243 238 0 ifet04 I= 1.2 w=48.0 
4760 239 238 0 0 jfet04 I= 1.2 w=48.0 
5761 0 238 239 0 jfes04 I= 1.2 w=48.0 
5762 239 237 0 0 jfet04 I=1.2 w=48.0 





j763 0 237 239 0 jfew04 I= 1.2 w=48.0 
j764 239 236 0 0 jfet04 I= 1.2 w=48.0 
]765 0 236 239 0 jfet04 I= 1.2 w=48.0 
j766 239 235 0.0 jfet04 1=1.2 w=48.0 
j767 0 235 239 0 jfet04 I= 1.2 w=48.0 
j768 240 239 0 0 jfet04 I= 1.2 w=48.0 
5769 0 239 240 0 jfet04 J=1.2 w=48.0 
3770 245 240 | 0 jfet04 1=1.2 w=20.0 
j771 0 246 241 O jfetl6 1=1.2 w=10.0 
j772 247 241 1 0 jfetl6 1=1.2 w=20.0 
3773 248 249 248 248 diol6 I=1.2 w=10.0 
5774 246 245 246 248 diol6 I=1.2 w=4.0 
3775 246 2A8 248 0 jfet20 1=3.2 w=3.2 
}776 250 247 250 248 diol6 =1.2 w=20.0 
3777 249 251 249 248 diol6 l=1.2 w=10.0 
}778 248 248 195 0 jfetl6 l=1.2 w=12.0 
4779 251 252 251 248 diol6 1=1.2 w=10.0 
j780 252 195 252 248 diol6 l=1.2 w=10.0 
5781 195 250 195 248 diol6 I=1.2 w=20.0 
5782 242 253 0.0 jfet04 I= 1.2 w=48.0 
3783 0 253 242 G jfet04 I= 1.2 w=48,0 
j784 254 253 0 0 jfet04 1=1.2 w=48.0 
5785 0 253 254 0 jfet04 l= 1.2 w=48.0 
5786 255 223 0 0 jfet04 l= 1.2 w=48.0 
4787 0 223 255 0 jfet04 I= 1.2 w=48.0 
j788 256 243 0 0 jfet04 I= 1.2 w=48.0 
4789 0 243 256 0 jfet04 1=1.2 w=48.0 
j790 257 244 0 0 jfet04 I= 1.2 w=48.0 
j791 0 244 257 0 jfet04 I= 1.2 w=48.0 
j792 190 257 0 0 jfet04 l= 1.2 w=48.0 
j793 0 257 190 0 jfet04 1=1.2 w=48.0 
4794 190 256 0 0 jfe104 I= 1.2 w=48.0 
4795 0 256 190 0 jfet04 I=1.2 w=48.0 
5796 190 255 0 0 jfet04 I= 1.2 w=48.0 
3797 0 255 190 0 jfet4 1=1.2 w=48.0 
}798 190 254 0 0 jfet04 1=1.2 w=48.0 
5799 0 254 190 0 jfet04 I= 1.2 w=48.0 
5800 258 253 0 0 jfet04 I= 1.2 w=48.0 
j801 0 253 258 0 jfer04 I= 1.2 w=48.0 
j802 259 221 0 0 jfet04 1=1.2 w=48.0 
5803 0 221 259 0 jfet04 I= 1.2 w=48.0 
5804 260 244 0 0 jfet04 1=1.2 w=48.0 
5805 0 244 260 0 jfet04 I= 1.2 w=48.0 
5806 261 243 0 0 jfet04 I= 1.2 w=48.9 
5807 0 243 261 0 jfet04 I=1.2 w=48.0 
5808 262 261 0 0 jfet04 I= 1.2 w=48.0 
5809 0 261 262 0 jfet04 1=1.2 w=48.0 
5810 262 260 0 0 jfet04 I= 1.2 w=48.0 
j811 0 260 262 0 jfet04 I=1.2 w=48.0 
j812 262 259 0 0 jfetO4 I= 1.2 w=48.0 
j813 0 259 262 0 jfet04 I= 1.2 w=48.0 


395 








§814 262 258 0 0 jfet04 I=1.2 w=48.0 
815 0 258 262 0 jfet04 l= 1.2 w=48.0 
j816 263 262 0 0 jfet04 I=1.2 w=48.0 
j817 0 262 263 0 jfet04 1=1.2 w=48.0 
j818 184 264 184 248 diol6 l=1.2 w=20.0 
j819 265 184 265 248 diol6 [=1.2 w=10.0 
j820 248 248 266 0 jfet20 I=3.2 w=3.2 
j821 266 267 266 248 diol6 l=1.2 w=4.0 
j822 242 242 1 O jfetl6 I=1.2 w=6.0 

j823 1 254 254 0 jfetl6 l=1.2 w=6.0 

j824 255 255 1 0 jfetl6 l=1.2 w=6.0 

j825 1 256 256 0 jfetl6 l=1.2 w=6.0 

j826 257 257 1 0 jfeti6 l=1.2 w=6.0 

j827 267 263 1 0 jfet04 I=1.2 w=20.0 
j828 264 268 264 248 diol6 l=1.2 w=20.0 
j829 248 248 184 0 jfett6 1=1.2 w=12.0 
4830 269 265 269 248 diol6 !=1.2 w=10.0 
j831 190 190 1 0 jfetl6 l=1.2 w=6.0 

4832 1 258 258 0 jfetl6 l=1.2 w=6.0 

5833 259 259 1 0 jfetl6 I=1.2 w=6.0 

5834 1 260 260 0 jfeti6 1=1.2 w=6.0 

j835 261 261 1 0 jfetl6 I=1.2 w=6.0 

j836 262 262 1 0 jfetl6 I=1.2 w=6.0 

j837 263 263 1 O jfetl6 l=1.2 w=6.0 

j838 270 270 1 0 jfetl6 I=1.2 w=3.2 

j839 0 266 270 0 jfetl6 l=1.2 w=10.0 
j840 268 270 1 0 jfetl6 1=1.2 w=20.0 
j841 271 269 271 248 diolé 1=1.2 w=10.0 
j842 248 271 248 248 diol6 1=1.2 w=10.0 
j843 1 272 272 0 jfetl6 i=1.2 w=6.0 

j844 273 273 1 O jfeti6 I= 1.2 w=6.0 

j845 1 274 274 0 jfetl6 I=1.2 w=6.0 

j846 275 275 1 0 jfetl6 I=1.2 w=6.0 

j847 1 276 276 0 jfetl6 l=1.2 w=6.0 

j848 1 277 277 0 jfetl6 l=1.2 w=6.0 

j849 278 278 1 0 jfetl6 I=1.2 w=6.0 

4850 1 279 279 0 jfetl6 l=1.2 w=6.0 

j851 280 280 | 0 jfetl6 I=1.2 w=6.0 

j852 1 281 281 0 jfetl6 I=1.2 w=6.0 

j853 1 282 282 O jfetl6 l=1.2 w=6.0 

j854 283 283 1 0 jfetl6 l=1.2 w=6.0 

5855 1 284 284 0 jfetl6 I=1.2 w=6.0 

j856 285 285 1 0 jfetl6 l= 1.2 w=6.0 

j857 1 286 286 0 jfetl6 1=1.2 w=6.0 

j858 1 287 287 0 jfetl6 l=1.2 w=6.0 

j859 288 288 1 0 jfetl6 i= 1.2 w=6.0 

j860 1 289 289 0 jfetl6 l=1.2 w=6.0 

5861 290 290 1 0 jfetl6 I=1.2 w=6.0 

j862 1 291 291 0 jfetl6 l=1.2 w=6.0 

j863 1 292 292 O jfeti6 l=1.2 w=48.0 
j864 1 293 293 0 jfetl6 l=1.2 w=48.0 





5865 1 294 294 0 jfetl6 l= 1.2 w=48.0 
j866 1 295 295 0 jfeti6 I= 1.2 w=9.2 

j867 0 296 295 0 jfet04 l= 1.2 w=38.0 
5868 295 296 0 0 jfet04 1=1.2 w=38.0 
5869 0 296 295 0 jfet04 I= 1.2 w=38.0 
5870 295 297 0 0 jfet04 l= 1.2 w=38.0 
5871 0 297 295 0 jfe104 I=1.2 w=38.0 
5872 295 297 00 jfet04 l= 1.2 w=38.0 
5873 298 295 1 0 jfew4 1=1.2 w=38.0 
5874 1 295 298 0 jfet04 I= 1.2 w=38.0 
4875 298 295 1 0 jfet04 I= 1.2 w=38.0 
j876 0 296 298 0 jfet04 I= 1.2 w=38.0 
5877 298 296 0 0 jfet04 I= 1.2 w=38.0 
j878 0 296 298 0 jfet04 I= 1.2 w=38.0 
5879 298 297 0 0 jfet04 I= 1.2 w=38.0 
5880 0 297 298 0 jfet04 I= 1.2 w=38.0 
5881 298 297 0 0 jfet04 l=1.2 w=38.0 
j882 294 298 0 0 jfet04 I= 1.2 w=64.0 
5883 0 298 294 0 jfet04 I= 1.2 w=64.0 
5884 294 298 0 0 jfet04 l= 1.2 w=64.0 
5885 0 298 294 0 jfet04 l= 1.2 w=64.0 
4886 294 298 0 0 jfet04 I= 1.2 w=64.0 
5887 0 298 294 0 jfet04 I= 1.2 w=64.0 
5888 294 298 0 0 jfet04 I= 1.2 w=64.0 
5889 0 298 294 0 jfet04 l= 1.2 w=64.0 
5890 294 298 0 0 jfet04 1=1.2 w=64.0 
j891 0 298 294 0 jfe104 I=1.2 w=64.0 
5892 294 298 0 0 jfet04 l= 1.2 w=64.0 
5893 0 298 294 0 jfet04 I= 1.2 w=64.0 
5894 299 294 1 0 jfet04 l= 1.2 w=64.0 
5895 1 294 299 0 jfet04 I= 1.2 w=64.0 
5896 299 294 1 0 jfet04 l= 1.2 w=64.0 
]897 1 294 299 0 jfet04 I= 1.2 w=64.0 
5898 299 294 1 0 jfet04 I= 1.2 w=64.0 
j899 1 294 299 0 jfet04 I= 1.2 w=64.0 
j900 299 294 1 0 jfet04 I= 1.2 w=64.0 
j901 1 294 299 0 jfet04 I= 1.2 w=64.0 
j902 299 294 1 0 jfet04 I= 1.2 w=64.0 
j903 1 294 299 0 jfet04 I= 1.2 w=64.0 
904 299 294 1 0 jfet04 l=1.2 w=64.0 
4905 1 294 299 0 jfet04 I=1.2 w=64.0 
j906 299 298 0 0 jfet04 I= 1.2 w=64.0 
4907 0 298 299 0 jfet04 I= 1.2 w=64.0 
j908 299 298 0 0 jfet04 I= 1.2 w=64.0 
4909 0 298 299 0 jfet04 I= 1.2 w=64.0 
}910 299 298 0 0 jfet04 I= 1.2 w=64.0 
j911 0 298 299 0 jfet04 l=1.2 w=64.0 
j912 299 298 C 0 jfet04 I= 1.2 w=64.0 
j913 0 298 299 0 jfet04 I= 1.2 w=64.0 
j914 299 298 0 0 jfet04 I= 1.2 w=64.0 
j915 0 298 299 0 jfet04 I=! 2 w=64.0 
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j916 299 298 0 0 jfet04 I= 1.2 w=64.0 
j917 0 298 299 0 jfet04 I=1.2 w=64.0 
j918 293 299 0 0 jfetO4 1=1.2 w=64.0 
j919 0.299 293 0 jfet04 I=1.2 w=64.0 
j920 293 299 00 jfet04 !=1.2 w=64.0 
j921 0.299 293 0 jfet04 I=1.2 w=64.0 
3922 293 299 0 0 jfe104 1=1.2 w=64.0 
j923 0 299 293 0 jfet04 I=1.2 w=64.0 
j924 293 299 0 0 jfet04 I=1.2 w=64.0 
j925 0 299 293 0 jfet04 I= 1.2 w=64.0 
}926 293 299 0 0 jfet04 I=1.2 w=64.0 
3927 0 299 293 0 jfetD4 I= 1.2 w=64.0 
5928 293 299 9 0 jfet04 le 1.2 w=64.0 
j929 0.299 293 0 jfet04 I=1.2 w=64.0 
j930 243 293 1 0 jfetO4 I=1.2 w=64.0 
4931 1 293 243 0 jfet04 l= 1.2 w=64.0 
j932 243 293 1 0 jfet04 I= 1.2 w=64.0 
j933 1 293 243 0 jfetO4 l=1.2 w=64.0 
j934 243 293 1 0 jfetO4 l= 1.2 w=64.0 
5935 1 293 243 0 jfet04 l=1.2 w=64.0 
3936 243 293 1 0 jfet04 l=1.2 w=64.0 
3937 1 293 243 0 jfetO4 1=1.2 w=64.0 
j938 243 293 1 0 jfet04 I=1.2 w=64.0 
5939 1 293 243 0 jfetO4 1=1.2 w=64.0 
j940 243 293 1 0 jfet04 I= 1.2 w=64.0 
4941 1 293 243 0 jfet04 I=1.2 w=64.0 
j942 243 299 0 0 jfet04 l=1.2 w=64.0 
j943 0.299 243 0 jfet04 1=1.2 w=64.0 
j944 243 299 0 0 jfet04 1=1.2 w=64.0 
5945 0 299 243 0 jfet04 I= 1.2 w=64.0 
j946 243 299 0 0 jfet04 1=1.2 w=64.0 
4947 0 299 243 0 jfetO4 I= 1.2 w=64.0 
j948 243 299 0 0 jfet04 1=1.2 w=64.0 
j949 0.299 243 0 jfetC - 1=1.2 w=64.0 
j950 243 299 0 0 jfet04 i=1.2 w=64.0 
}951 0 299 243 0 jfet04 I= 1.2 w=64.0 
4952 243 299 00 jfet04 i= 1.2 w=64.0 
4953 0.299 243 0 jfetO4 1=1.2 w=64.0 
5954 1 300 300 0 jfetl6 l= 1.2 w=48.0 
3955 1 301 301 0 jfeti6 i=1.2 w=16.0 
5956 301 296 0 0 jfet04 I=1.2 w=64.0 
}957 0.296 301 0 jfet04 l=1.2 w=64.0 
j958 301 296 0 0 jfet04 I= 1.2 w=64.0 
5959 0 296 301 0 jfet04 l=1.2 w=64.0 
j960 302 301 1 0 jfet04 I=1.2 w=64.0 
j961 1 301 302 0 jfet04 I=1.2 w=64.0 
3962 302 301 1 0 jfet04 1=1.2 w=64.0 
j963 1 301 302 0 jfet04 I= 1.2 w=64.0 
j964 302 301 1 0 jfet04 I=1.2 w=64.0 
j965 1 301 302 0 jfet04 I= 1.2 w=64.0 
4966 302 296 0 0 jfetO4 1=1.2 w=64.0 
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j967 0.296 302 0 jfet04 I=1.2 w=64.0 
}968 302 296 0 0 jfer04 I= 1.2 w=64.0 
}969 0 296 302 0 jfet04 I=1.2 w=64.0 
5970 302 296 0 0 jfet04 I= 1.2 w=64.0 
5971 0 296 302 0 jfet04 l=1.2 w=64.0 
5972 1 303 303 O jfetl6 l= 1.2 w=9.2 
5973 0.243 303 0 jfet04 l=1.2 w=38.0 
3974 303 243 0 0 jfet04 I= 1.2 w=38.0 
4975 0 243 303 0 jfet04 1=1.2 w=38.0 
3976 303 302 0 0 jfet04 1=1.2 w=38.0 
5977 0 302 303 0 jfer04 I= 1.2 w=38.0 
5978 303 302 0 0 jfet04 I= 1.2 w=38.0 
3979 304 303 1 0 jfet04 I= 1.2 w=38.0 
5980 1 303 304 0 jfet04 I=1.2 w=38.0 
5981 304 303 1 0 jfet04 I=1.2 w=38.0 
5982 0 243 304 0 jfer04 1=1.2 w=38.0 
j983 304 243 0 0 jfet04 I= 1.2 w=38.0 
5984 0 243 304 0 jfet04 I=1.2 w=38.0 
j985 304 302 0 0 jfer04 I= 1.2 w=38.0 
}986 0 302 304 0 jfet04 I=1.2 w=38.0 
j987 304 302 0 0 jfet04 I= 1.2 w=38.0 
5988 300 304 0 0 jfet04 I=1.2 w=64.0 
}989 0 304 300 0 jfet04 I=1.2 w=64.0 
5990 300 304 0 0 jfet04 I= 1.2 w=64.0 
j991 0 304 300 0 jfet04 I= 1.2 w=64.0 
4992 300 304 0 0 jfet04 I= 1.2 w=64.0 
3993 0 304 300 0 jfet04 I= 1.2 w=64.0 
7994 300 304 0 0 jfet04 I= 1.2 w=64.0 
5995 0 304 300 0 jfet04 I=1.2 w=64.0 
5996 300 304 0 0 jfe104 I= 1.2 w=64.0 
5997 0 304 300 0 jfet04 1=1.2 w=64.0 
5998 300 304 0 0 jfet04 I=1.2 w=64.0 
4999 0 304 300 0 jfer04 I= 1.2 w=64.0 
31000 305 300 1 0 jfet04 I=1.2 w=64.0 
j1001 1 300 305 0 jfet04 l=1.2 w=64.0 
j1002 305 300 1 0 jfet04 1=1.2 w=64.0 
j1003 1 300 305 0 jfet04 I=1.2 w=64.0 
1004 305 300 1 0 jfet04 l=1.2 w=64.0 
j1005 1 300 305 0 jfet04 I=1.2 w=64.0 
1006 305 300 1 0 jfet04 I=1.2 w=64.0 
j1007 1 300 305 0 jfet04 I=1.2 w=64.0 
j1008 305 300 1 0 jfer04 I= 1.2 w=64.0 
j1009 1 300 305 0 jfet04 I=1.2 w=64.0 
j1010 305 300 1 0 jfet04 I=1.2 w=64.0 
7011 1 300 305 0 jfet04 1=1.2 w=64.0 
j1012 305 304 0 0 jfet04 l= 1.2 w264.0 
41013 0 304 305 0 jfet04 I=1.2 w=64.0 
j1014 305 304 0 0 jfet04 I= 1.2 w=64.0 
j1015 0 304 305 0 jfet04 I=1.2 w=64.0 
71016 305 304 00 jfet04 1=1.2 w=64.0 
j1017 0 304 305 0 jfet04 I=1.2 w=64.0 














j1018 305 304 0 0 jfet04 I=1.2 w=64.0 
71019 0 304 305 0 jfet0d 1=1.2 w=64.0 
j1020 305 304 0.0 jfet04 1=1.2 w=64.0 
}1021 0 304 305 0 jfet04 1=1.2 w=64.0 
41022 305 304 00 jfet04 I=1.2 w=64.0 
1023 0 304 305 0 jfet04 I=1.2 w=64.0 
51024 292 305 00 jfet04 I=1.2 w=64.0 
1025 0 305 292 0 jfet04 I=1.2 w=64.0 
31026 292 305 0 0 jfet04 1=1.2 w=64.0 
41027 0 305 292 0 jfet04 I=1.2 w=64.0 
1028 292 305 00 jfet04 I=1.2 w=64.0 
1029 0 305 292 0 jfet04 1=1.2 w=64.0 
71030 292 305 0 0 jfet04 1=1.2 w=64.0 
41031 0 305 292 0 jfet04 I=1.2 w=64.0 
41032 292 305 00 jfet04 1=1.2 w=64.0 
j1033 0 305 292 0 jfet04 I=1.2 w=64.0 
1034 292 305 0 0 jfet04 1=1.2 w=64.0 
71035 0 305 292 0 jfet04 1=1.2 w=64.0 
1036 297 292 1 0 jfet4 I=1.2 w=64.0 
1037 1 292 297 0 jfet04 I=1.2 w=64.0 
[1038 297 292 1 0 jfet4 l=1.2 w=64.0 
51039 1 292 297 0 jfet04 1=1.2 w=64.0 
1040 297 292 1 0 jfet04 I=1.2 w=64.0 
31041 1 292 297 0 jfet4 1=1.2 w=64.0 
j1042 297 292 1 0 jfet4 I=1.2 w=64.0 
j1043 1 292 297 0 jfet4 1=1.2 w=64.0 
j1044 297 292 1 0 jfet04 1=1.2 w=64.0 
51045 1 292 297 0 jfew4 I=1.2 w=64.0 
j1046 297 292 1 0 jfev04 I= 1.2 w=64.0 
j1047 1 292 297 0 jfet04 1=1.2 w=64.0 
31048 297 305 00 jfet04 I=1.2 w=64.0 
1049 0 305 297 0 jfet04 I=1.2 w=64.0 
j1050 297 305 0 0 jfet04 I=1.2 w=64.0 
j1051 0 305 297 0 jfet04 1=1.2 w=64.0 
j1052 297 305 0 0 jfet04 1=1.2 w=64.0 
1053 0 305 297 0 jfet04 I=1.2 w=64.0 
31054 297 305 0 0 jfet04 I=1.2 w=64.0 
j1055 0 305 297 0 jfet04 I=1.2 w=64.0 
1056 297 305 0 0 jfet04 I=1.2 w=64.0 
j1057 0 305 297 0 jfet04 l=1.2 w=64.0 
j1058 297 305 0 0 jfet04 I=1.2 w=64.0 
j1059 0 305 297 0 jfet04 I=1.2 w=64.0 
1060 272 306 0 0 jfet04 I=1.2 w=48.0 
41061 0 306 272 0 jfet04 1=1.2 w=48.0 
j1062 273 169 00 jfet4 1=1.2 w=48.0 
j1063 0 169 273 0 jfetO4 1=1.2 w=48.0 
j1064 274 307 00 jfet04 I=1.2 w=48.0 
j1065 0 307 274 0 jfet04 1=1.2 w=48.0 
j1066 275 308 00 jfet04 1=1.2 w=48.0 
}1067 0 308 275 0 jfet04 I=1.2 w=48.0 
j1068 276 275 00 jfew04 l=1.2 w=48.0 


j1069 0 275 276 0 jfet04 1=1.2 w=48.0 
j1070 276 274 00 jfet04 l=1.2 w=48.0 
j1071 0 274 276 0 jfet04 I=1.2 w=48.0 
j1072 276 273 0 0 jfet04 1=1.2 w=48.0 
j1073 0.273 276 0 jfet04 I=1.2 w=48.0 
51074 276 272 00 jfet04 1=1.2 w=48.0 
j1075 0 272 276 0 jfe104 l=1.2 w=48.0 
j1076 277 309 00 jfet04 1=1.2 w=48.0 
51077 0 309 277 0 jfet04 1=1.2 w=48.0 
j1078 278 31000 jfet04 l=1.2 w=48.0 
j1079 0 310.278 0 jfe104 1=1.2 w=48.0 
j1080 279 311 0 0 jfet04 I=1.2 w=48.0 
31081 0 311 279 0 jfet04 I= 1.2 w=48.0 
j1082 280 175 0.0 jfet04 1=1.2 w=48.0 
j1083 0 175 280 0 jfet04 1=1.2 w=48.0 
1084 281 280 00 jfet04 l=1.2 w=48.0 
51085 0 280 281 0 jfet04 l=1.2 w=48.0 
j1086 281 279 0 0 jfet04 1=1.2 w=48.0 
51087 0 279 281 0 jfet04 l=1.2 w=48.0 
j1088 281 278 00 jfet04 1=1.2 w=48.0 
51089 0 278 281 0 jfet04 I=1.2 w=48.0 
j1090 281 277 00 jfet04 1=1.2 w=48.0 
1091 0 277 281 0 jfetO4 1=1.2 w=48.0 
j1092 282 306 00 jfet04 1=1.2 w=48.0 
j1093 0 306 282 0 jfet04 1=1.2 w=48.0 
j1094 283 311 0 0 jfet04 I= 1.2 w=48.0 
j1095 0 311 283 0 jfet04 l= 1.2 w=48.0 
j1096 284 175 00 jfetO4 1=1.2 w=48.0 
j1097 0 175 284 0 jfet04 1=1.2 w=48.0 
j1098 285 309 00 jfet04 I=1.2 w=48.0 
j1099 0 309 285 0 jfet04 1=1.2 w=48.0 
51100 286 285 0 0 jfet04 1=1.2 w=48.0 
j1101 0 285 286 0 jfet04 I=1.2 w=48.0 
j1102 286 284 0 0 jfetO4 I=1.2 w=48.0 
j1103 0 284 286 0 jfet04 I= 1.2 w=48.0 
j1104 286 283 0 0 jfet04 l=1.2 w=48.0 
j1105 0 283 286 0 jfet04 I= 1.2 w=48.0 
j1106 286 282 0 0 jfet04 I=1.2 w=48.0 
j1107 0 282 286 0 jfet04 l= 1.2 w=48.0 
j1108 287 306 0 0 jfet04 I= 1.2 w=48.0 
51109 0 306 287 0 jfet04 I= 1.2 w=48.0 
j1110 288 311 0 0 jfet04 l=1.2 w=48.0 
j1111 0 311 288 0 jfet04 1=1.2 w=48.0 
j1112 289 169 0 0 jfet04 1=1.2 w=48.0 
j1113 0 169 289 0 jfet04 1=1.2 w=48.0 
j1114 290 308 0 0 jfet04 i=1.2 w=48.0 
j1115 0 308 290 0 jfet04 1=1.2 w=48.0 
j1116 291 290 0 0 jfet04 I=1.2 w=48.0 
j1117 0.290 291 0 jfet04 I=1.2 w=48.0 
jLL18 291 289 0.0 jfe104 i=1.2 w=48.0 
j1119 0 289 291 0 jfet04 l=1.2 w=48.0 





j1120 291 288 0 0 jfet04 1=1.2 w=48.0 
j1121 0288 291 0 jfet04 I= 1.2 w=48.0 
51122 291 287 00 jfet04 I=1.2 w=48.0 
j1123 0287 291 0 jfet04 I=i.2 w=48.0 
j1124 176 177 312 0 jfetl6 1=1.2 w=3.2 
j1125 306 179 313 0 jfetl6 l=1.2 w=8.0 
51126 314 182 306 0 jfetl6 I=1.2 w=8.0 
51127 312 183 306 0 jfetl6 1=1.2 w=8.0 
j1128 1 315 306 0 jfetl6 l=1.2 w=62.0 
51129 185 177 306 0 jfetl6 =1.2 w=6.0 
j1130 316 187 306 0 jfetl6 1=1.2 w=8.0 
j1131 306 315 1 0 jfetl6 l=1.2 w=62.0 
j1132 306 188 317 0 jfetl6 1=1.2 w=8.0 
j1133 1 315 306 0 jfetl6 I=1.2 w=62.0 
51134 306 318 0 0 jfet04 1=1.2 w=6.0 
}1135 306 311 00 jfet04 1=1.2 w=70.0 
51136 0 311 306 0 jfer04 I=1.2 w=70.0 
j1137 1 191 306 0 jfet16 l=1.2 w=9.2 
j1138 306 311 0 0 jfet04 1=1.2 w=70.0 
31139 306 177 311 O jfetl6 l=1.2 w=17.2 
51140 0 306 311 0 jfet04 1=1.2 w=70.0 
41141 311 306 00 jfet04 I=1.2 w=70.0 
j1142 319 299 90 jfetO4 I=1.2 w=64.0 
31143 0 299 319 0 jfet04 1=1.2 w=64.0 
j1144 319 299 0 0 jfet04 1=1.2 w=64.0 
41145 0 299 319 0 jfet04 l=1.2 w=64.0 
41146 319 299 0 0 jfet04 I= 1.2 w=64.0 
j1147 0.299 319 0 jfet04 1=1.2 w=64.0 
j1148 319 299 0.0 jfet04 1=1.2 w=64.0 
j1149 0 299 319 0 jfet04 1=1.2 w=64.0 
j1150 319 299 0 0 jfet04 I=1.2 w=64.0 
51151 0.299 319 0 jfet04 1=1.2 w=64.0 
51152 319 299 0 0 jfet04 I= 1.2 w=64.0 
j1153 0 299 319 0 jfet04 l= 1.2 w=64.0 
51154 243 319 1 0 jfet04 I=1.2 w=64.0 
j1155 1319 243 0 jfet04 I= 1.2 w=64.0 
j1156 243 319 1 0 jfet04 I=1.2 w=64.0 
j1157 1 319 243 0 jfet04 1=1.2 w=64.0 
j1158 243 319 1 0 jfet04 I= 1.2 w=64.0 
j1159 1 319 243 0 jfet04 I=1.2 w=64.0 
j1160 243 319 1 0 ifet04 1=1.2 w=64.0 
31161 1 319 243 0 jfet04 I= 1.2 w=64.0 
51162 243 319 1 0 jfet04 I=1.2 w=64.0 
j1163 1319 243 0 jfet04 =1.2 w=64.0 
51164 243 319 1 0 jfet04 1=1.2 w=64.0 
j1165 1 319 243 0 jfet04 I=1.2 w=64.0 
j1166 243 299 0 0 jfet04 I= 1.2 w=64.0 
j1167 0 299 243 0 jfet04 I=1.2 w=64.0 
41168 243 299 0.0 jfet04 I=1.2 w=64.0 
41169 0 299 243 0 jfetO4 I=1.2 w=64.0 
51170 243 299 0 0 jfet04 I= 1.2 w=64.0 


j1171 0.299 243 0 jfet04 1=1.2 w=64.0 
j1172 243 299 00 jfet04 I=1.2 w=64.0 
j1173 0 299 243 0 jfet04 I= 1.2 w=64.0 
}1174 243 299 00 jfet04 l= 1.2 w=64.0 
31175 0.299 243 0 ifet04 I= 1.2 w=64.0 
j1176 243 299 00 jfet04 I=1.2 w=64.0 
}1177 0 299 243 0 jfet04 I=1.2 w=64.0 
j1178 319 319 1 O jfetl6 I=1.2 w=48.0 
}1179 320 320 1 0 jfet20 I=3.2 w=40.0 
j1180 0 243 320 0 jfet04 I= 1.2 w=60.0 
jL121 320 243 00 jfet04 l=1.2 w=60.0 
j1182 0 243 320 0 jfet04 I= 1.2 w=60.0 
51183 320 243 00 jfet04 I=1.2 w=60.0 
31184 321 321 1 0 jfet20 I=3.2 w=40.0 
1185 0 320 321 0 jfet04 I=1.2 w=60.0 
j1186 321 320 00 jfetO4 I= 1.2 w=60.0 
j1187 0 320 321 0 jfet04 I=1.2 w=60.0 
j1188 321 320 00 jfet04 I=1.2 w=60.0 
j1189 322 322 1 0 jfet20 l=3.2 w=40.0 
j1190 0 243 322 0 jfet04 I=1.2 w=60.0 
j1191 322 243 00 jfet04 l=1.2 w=60.0 
j1192 0 243 322 0 jfet04 I=1.2 w=60.0 
j1193 322 243 00 jfet04 l=1.2 w=60.0 
31194 323 323 1 0 jfet20 1=3.2 w=40.0 
51195 0 321 323 0 jfet04 = 1.2 w=60.0 
j1196 323 321 00 jfet04 1=1.2 w=60.0 
51197 0 321 323 0 jfet04 1=1.2 w=60.0 
31198 323 321 0 0 jfet04 l=1.2 w=60.0 
51199 0 322 324 0 jfetO4 I=1.2 w=45.2 
j1200 324 322 00 jfet04 I=1.2 w=45.2 
j1201 0 322 324 0 jfet04 I=1.2 w=45.2 
j1202 324 322 00 jfet04 I=1.2 w=45.2 
j1203 0 323 324 0 jfet04 I=1.2 w=45.2 
51204 324 323 0 0 jfet04 I=1.2 w=45.2 
41205 0 323 324 0 jfet04 l=1.2 w=45.2 
1206 324 323 00 jfet04 I=1.2 w=45.2 
j1207 325 324 1 0 jfet04 l=1.2 w=56.0 
j1208 1 324 325 0 jfetO4 1=1.2 w=56.0 
j1209 325 324 1 0 jfet04 I=1.2 w=56.0 
j1210 1 324 325 0 jfet04 1=1.2 w=56.0 
j1211 325 323 00 jfetO4 l=1.2 w=56.0 
j1212 0 323 325 0 jfet04 I=1.2 w=56.0 
51213 325 323 0.0 jfe104 l=1.2 w=56.0 
j1214 0 323 325 0 jfet04 l=1.2 w=56.0 
j1215 325 322 00 jfet04 l=1.2 w=56.0 
j1216 0 322 325 0 jfet04 I=1.2 w=56.0 
j1217 325 322 00 jfet04 I=1.2 w=56.0 
j1218 0 322 325 0 jfet04 I= 1.2 w=56.0 
j1219 326 325 00 jfet04 I=1.2 w=48.0 
j1220 0 325 326 0 jfet04 l=1.2 w=48.0 
j1221 191 327 191 248 diol6 1=1.2 w=20.0 





41222 328 305 00 jfet04 l=1.2 w=64.0 
31223 0 305 328 0 jfet04 l=1.2 w=64.0 
j1224 328 305 0 0 jfet04 I=1.2 w=64.0 
j1225 0 305 328 0 jfew4 l=1.2 w=64.0 
}1226 328 305 00 jfet04 I=1.2 w=64.0 
j1227 0 305 328 0 jfet04 1=1.2 w=64.0 
j1228 328 305 0.0 jfew4 1=1.2 w=64.0 
41229 0 305 328 0 jfet04 1=1.2 w=64.0 
j1230 328 305 00 jfet04 I=1.2 w=64.0 
31231 0 305 328 0 jfet04 l=1.2 w=64.0 
51232 328 305 00 jfet04 1=1.2 w=64.0 
j1233 0 305 328 0 jfet04 I=1.2 w=64.0 
j1234 297 328 1 0 jfet04 1=1.2 w=64.0 
j1235 1 328 297 0 jfet04 1=1.2 w=64.0 
1236 297 328 1 0 jfet04 l=1.2 w=64.0 
j1237 1 328 297 0 jfet04 1=1.2 w=64.0 
j1238 297 328 1 0 jfet04 I=1.2 w=64.0 
41239 1 328 297 0 jfet04 l=1.2 w=64.0 
1240 297 328 1 0 jfet04 l=1.2 w=64.0 
}1241 1 328 297 0 jfet04 1=1.2 w=64.0 
j1242 297 328 10 jfer04 l=1.2 w=64.0 
j1243 1 328 297 0 jfet04 1=1.2 w=64.0 
j1244 297 328 1 0 jfet04 l=1.2 w=64.0 
j1245 1 328 297 0 jfer04 1=1.2 w=64.0 
j1246 297 305 00 jfet04 I=1.2 w=64.0 
j1247 0 305 297 0 jfet04 1=1.2 w=64.0 
51248 297 305 00 jfet04 1=1.2 w=64.0 
j1249 0 305 297 0 jfet04 1=1.2 w=64.0 
51250 297 305 0 0 jfet04 I=1.2 w=64.0 
j1251 0 305 297 0 jfet04 1=1.2 w=64.0 
j1252 297 305 0 0 jfet04 1=1.2 w=64.0 
j1253 0 305 297 0 jfet04 1=1.2 w=64.0 
j1254 297 305 00 jfet04 l=1.2 w=64.0 
1255 0 305 297 0 jfet04 I=1.2 w=64.0 
j1256 297 305 00 jfe104 I=1.2 w=64.0 
51257 0 305 297 0 jfet04 1=1.2 w=64.0 
51258 1 191 311 0 jfetl6 f=1.2 w=9.2 

j1259 0 329 311 0 jfet04 I= 1.2 w=6.0 

j1260 0 306 311 0 jfet04 1=1.2 w=70.0 
j1261 330 330 1 0 jfetl6 1=1.2 w=6.0 

j1262 331 331 1 0 jfetl6 l=1.2 w=3.2 


j1263 332 191 332 248 diol6 l=1.2 w=10.0 


j1264 330 297 00 jfew04 I=1.2 w=48.0 
j1265 0 297 330 0 jfet04 1=1.2 w=48.0 
j1266 333 330 1 0 jfet04 I=1.2 w=20.0 
j1267 0 334 331 0 jfetl6 [=1.2 w=10.0 
j1268 335 331 1 0 jfeti6 I=1.2 w=20.0 


j1269 248 336 248 248 diol 6 1=1.2 w=10.0 


j1270 337 194 311 0 jfeti6 t=1.2 w=8.0 
j1271 311 338 1 0 jfetl6 1=1.2 w=62.0 
j1272 339 276 0 0 jfet04 i=1.2 w=48.0 





31273 0 276 339 0 fet04 i=1.2 w=48.0 
31274 339 281 00 jfet04 1=1.2 w=48.0 
j1275 0 281 339 0 jfetO4 I=1.2 w=48.0 
j1276 339 286 0 0 jfet04 I=1.2 w=48.0 
j1277 0 286 339 0 jfet04 I=1.2 w=48.0 
51278 339 291 0 0 jfet04 I= 1.2 w=48.0 
j1279 0 291 339 0 jfet04 l=1.2 w=48.0 
j1280 340 339 0 0 jfet04 I=1.2 w=48.0 
}1281 0 339 340 0 jfet04 I=1.2 w=48.0 
j1282 310 306 0 0 jfet04 I= 1.2 w=48.0 
51283 0 306 310 0 jfet04 I= 1.2 w=48.0 
j1284 307 311 0 0 jfet04 I=1.2 w=48.0 
51285 0 311 307 0 jfet04 = 1.2 w=48.0 
31286 308 175 00 jfet04 l=1.2 w=48.0 
51287 0 175 308 0 jfet04 i=1.2 w=48.0 
31288 309 169 00 jfetO4 1=1.2 w=48.0 
31289 0 169 309 0 jfet04 1=1.2 w=48.0 
j1290 341 169.00 jfet04 1=1.2 w=48.0 
j1291 0 169 341 0 jfet04 I=1.2 w=48.0 
j1292 341 175 00 jfet04 I=1.2 w=48.0 
31293 0 175 341 0 jfet04 1=1.2 w=48.0 
j1294 342 341 00 jfet04 I=1.2 w=48.0 
}1295 0 341 342 0 jfet04 I=1.2 w=48.0 
j1296 343 342 0 0 jfet04 I=1.2 w=48.0 
j1297 0 342 343 0 jfet04 I=1.2 w=48.0 
j1298 344 202 00 jfet04 I=1.2 w=48.0 
1299 0 202 344 0 jfet04 I= 1.2 w=48.0 
51300 345 343 0 0 jfet04 1=1.2 w=48.0 
51301 0 343 345 0 jfet04 1=1.2 w=48.0 
51302 345 344 0 0 jfet04 I=1.2 w=48.0 
51303 0 344 345 0 jfet04 I= 1.2 w=48.0 
51304 346 340 0 0 jfet04 1=1.2 w=48.0 
j1305 0 340 346 0 jfet04 I=1.2 w=48.0 
41306 311 205 347 0 jfetl6 I=1.2 w=8.0 
51307 1 338 311 O jfetl6 l=1.2 w=62.0 
j1308 334 333 334 248 diol6 l=1.2 w=4.0 
j1309 334 248 248 0 jfet20 1=3.2 w=3.2 
j1310 348 335 348 248 diol6 I=1.2 w=20.0 
j1311 336 349 336 248 diol6 l=1.2 w=10.0 
j1312 185 177 311 0 jfetl6 1=1.2 w=6.0 
41313 1 339 339 0 jfetl6 I=1.2 w=6.0 
j1314 340 340 1 0 jfetl6 1=1.2 w=6.0 
j1315 1 310 3100 jfetl6 l=1.2 w=6.0 
j1316 307 307 1 0 jfetl6 I=1.2 w=6.0 
41317 1 308 308 0 jfeti6 1=1.2 w=6.0 
j1318 309 309 1 0 jfetl6 1=1.2 w=6.0 
51319 1 341 341 0 jfetl6 I=1.2 w=6.0 
j1320 342 342 1 0 jfeti6 I=1.2 w=6.0 
51321 1 343 343 0 jfetl6 1=1.2 w=6.0 
j1322 344 344 1 0 jfetl6 1=1.2 w=6.0 
j1323 1 345 345 0 jfetl6 I=1.2 w=6.0 


j1324 346 346 1 O jfetl6 I=1.2 w=6.0 
j1325 350 340 00 jfet04 [=1.2 w=64.0 
]1326 0 340 350 0 jfet04 l=1.2 w=64.0 
41327 350 340 00 jfet04 1=1.2 w=64.0 
51328 351 345 3500 jfet04 1=1.2 w=64.0 
j1329 350 345 351 0 jfetOd I=1.2 w=64.0 
31330 351 345 350 0 jfet04 I=1.2 w=64.0 
41331 352 351 133 0 jfet04 I=1.2 w=64.0 
31332 133 351 352 0 jfet04 l=1.2 w=64.0 
41333 352 351 133 0 jfet04 I=1.2 w=64.0 
j1334 0 353 352 0 jfet04 l=1.2 w=64.0 
j1335 352 353 00 jfet04 I=1.2 w=64.0 
51336 0 353 352 0 jfet04 I=1.2 w=64.0 
j1337 354 345 00 jfet04 I= 1.2 w=64.0 
1338 0 345 354 0 jfet04 I=1.2 w=64.0 
}1339 354 345 00 jfet04 I=1.2 w=64.0 
51340 355 346 354 0 jfet04 1=1.2 w=64.0 
51341 354 346 355 0 jfet04 I=1.2 w=64.0 
51342 355 346 354 0 jfet04 l=1.2 w=64.0 
}1343 356 355 353 0 jfet04 I=1.2 w=64.0 
}1344 353 355 356 0 jfet04 l=1.2 w=64.0 
41345 356 355 353 0 jfet04 l=1.2 w=64.0 
}1346 0 133 356 0 jfet04 I=1.2 w=64.0 
j1347 356 133 00 jfet04 I=1.2 w=64.0 
j1348 0 133 356 0 jfet04 I=1.2 w=64.0 
}1349 311 338 1 0 jfetl6 l=1.2 w=62.0 
j1350 248 248 177 0 jfet16 !=1.2 w=12.0 
j1351 349 357 349 248 diol6 1=1.2 w=10.0 
j1352 311 214 358 0 jfetl6 I=1.2 w=8.0 
51353 359 217 311 O jfeth6 1=1.2 w=8.0 
41354 360 219 311 0 jfetl6 1=1.2 w=8.0 
31355 1 361 361 0 feti6 I=1.2 w=6.0 
j1356 1 362 362 0 jfeti6 l= 1.2 w=6.0 
31357 1 363 363 0 jfetl6 1=1.2 w=6.0 
j1358 1 364 364 0 jfetl6 I=1.2 w=6.0 
j1359 351 351 1 0 jfetl6 I=1.2 w=6.0 
j1360 133 133 1 0 jfetl6 I=1.2 w=6.0 
j1361 355 355 1 0 jfetl6 I=1.2 w=6.0 
j1362 353 353 1 0 jfetl6 I=1.2 w=6.0 
41363 176 177 360 0 jfet16 1=1.2 w=3.2 
j1364 177 348 177 248 diol6 1=1.2 w=20.0 
j1365 357 177 357 248 diol6 I=1.2 w=10.0 
51366 365 365 } 0 jfetl6 I=1.2 w=6.0 
41367 248 248 366 0 jfet20 l=3.2 w=3.2 
j1368 366 367 366 248 diol6 l=1.2 w=4.0 
j1369 367 326 1 0 jfet04 1=1.2 w=20.0 
j1370 327 368 327 248 diol6 I=1.2 w=20.0 
j1371 248 248 191 0 jfetl6 l=1.2 w=12.0 
j1372 369 332 369 248 diol6 I=1.2 w=10.0 
j1373 328 328 1 0 jfetl6 I= 1.2 w=48.0 
j1374 370 370 1 0 jfetl6 I=1.2 w=3.2 


j1375 0 366 370 0 jfetl6 l=1.2 w=10.0 
j1376 368 370 1 0 jfeti6 1=1.2 w=20.0 
j1377 371 369 371 248 diol6 =1.2 w=10.0 
j1378 248 371 248 248 diol6 I=1.2 w=10.0 
j1379 365 372 00 jfet0d i=1.2 w=48.0 
j1380 0 372 365 0 jfet04 1=1.2 w=48.0 
j1381 373 372 00 jfer04 l=1.2 w=64.0 
j1382 0 372 373 0 jfet04 I=1.2 w=64.0 
51383 373 372 00 jfet04 l=1.2 w=64.0 
j1384 361 227 373 0 jfet04 I=1.2 w=64.0 
}1385 373 227 361 0 jfet04 I=1.2 w=64.0 
1386 361 227 373 0 jfet04 l=1.2 w=64.0 
j1387 374 361 362 0 jfet04 I=1.2 w=64.0 
51388 362 361 374 0 jfet04 I=1.2 w=64.0 
j1389 374 361 362 0 jfet04 1=1.2 w=64.0 
1390 0 364 374 0 jfet04 1=1.2 w=64.0 
j1391 374 364 00 jfet04 l= 1.2 w=64.0 
31392 0 364 374 0 jfetO4 I=1.2 w=64.0 
51393 375 227 00 jfet4 l=1.2 w=64.0 
j1394 0 227 375 0 jfet04 1=1.2 w=64.0 
j1395 375 227 00 jfet04 I=1.2 w=64.0 
j1396 363 365 375 0 jfet04 I=1.2 w=64.0 
j1397 375 365 363 0 jfet04 I= 1.2 w=64.0 
j1398 363 365 375 0 jfet04 I=1.2 w=64.0 
j1399 376 363 364 0 jfet04 1=1.2 w=64.0 
j1400 364 363 376 0 jfet04 l=1.2 w=64.0 
j1401 376 363 364 0 jfet04 l=1.2 w=64.0 
j1402 0 362 376 0 jfet04 1=1.2 w=64.0 
j1403 376 362 00 jfet04 1=1.2 w=64.0 
j1404 0 362 376 0 jfet04 1=1.2 w=64.0 
j1405 1 377 377 0 jfetl6 I=1.2 w=6.0 
j1406 378 378 1 0 jfetl6 I=1.2 w=6.0 
41407 1 379 379 0 jfetl6 I=1.2 w=6.0 
j1408 380 380 1 0 jfeti6 l=1.2 w=6.0 
j1409 1 329 329 0 jfetl6 I=1.2 w=6.0 
j1410 1 381 381 0 jfetl6 1=1.2 w=6.0 
j1411 382 382 1 0 jfetl6 1=1.2 w=6.0 
j1412 1 383 383 0 jfetl6 l=1.2 w=6.0 
j1413 384 384 1 0 jfetl6 l=1.2 w=6.0 
j1414 1 385 385 0 jfetl6 l=1.2 w=6.0 
j1415 386 386 1 0 jfetl6 1=1.2 w=6.0 
51416 387 387 1 0 jfetl6 I=1.2 w=3.2 
51417 377 388 00 jfet04 I=1.2 w=48.0 
31418 0 388 377 0 jfet04 1=1.2 w=48.0 
j1419 378 364 00 jfet04 I=1.2 w=48.0 
51420 0 364 378 0 jfet04 1=1.2 w=48.0 
j1421 379 243 00 jfet04 =1.2 w=48.0 
51422 0 243 379 0 jfet04 I=1.2 w=48.0 
j1423 380 244 0 0 jfet04 l=1.2 w=48.0 
j1424 0 244 380 0 jfet04 1=1.2 w=48.0 
51425 329 380 0 0 jfet04 I=1.2 w=48.0 











j1426 0 380 329 0 jfet04 1=1.2 w=48.0 
51427 329 379 00 jfet04 I=1.2 w=48.0 
1428 0 379 329 0 jfet04 I=1.2 w=48.0 
j1429 329 378 00 jfet04 I=1.2 w=48.0 
j1430 0 378 329 0 jfet04 I=1.2 w=48.0 
j1431 329 377 00 jfetO4 I=1.2 w=48.0 
j1432 0 377 329 0 jfet04 I=1.2 w=48.0 
31433 381 388 00 jfet04 I=1.2 w=48.0 
j1434 0 388 381 0 jfet04 1=1.2 w=48.0 
}1435 382 362 0 0 jfet04 I=1.2 w=48.0 
}1436 0 362 382 0 jfet04 I=1.2 w=48.0 
51437 383 244 00 jfet04 I=1.2 w=48.0 
31438 0 244 383 0 jfet04 1=1.2 w=48.0 
}1439 384 243 00 jfet04 I=1.2 w=48.0 
j1440 0 243 384 0 jfet04 1=1.2 w=48.0 
j1441 385 384 00 jfet04 1=1.2 w=48.0 
51442 0 384 385 0 jfet04 I=1.2 w=48.0 
41443 385 383 00 jfet04 l=1.2 w=48.0 
31444 0 383 385 0 jfet04 l= 1.2 w=48.0 
51445 385 382 00 jfet04 1=1.2 w=48.0 
1446 0 382 385 0 jfet04 1=1.2 w=48.0 
j1447 385 381 00 jfet04 i=1.2 w=48.0 
51448 0 381 385 0 jfet04 I=1.2 w=48.0 
j1449 386 385 0 0 jfet04 1=1.2 w=48.0 
j1450 0 385 386 0 jfet04 1=1.2 w=48.0 
51451 389 386 1 0 jfet04 I=1.2 w=20.0 
j1452 0 390 387 0 jfetl6 I=1.2 w=10.0 
j1453 391 387 1 0 jfetl6 I=1.2 w=20.0 
51454 248 392 248 248 diol6 [=1.2 w=10.0 
51455 390 389 390 248 diol6 I=1.2 w=4.0 
j1456 390 248 248 0 jfet20 1=3.2 w=3.2 
j1457 393 391 393 248 diol6 I=1.2 w=20.0 
j1458 392 394 392 248 diol6 l=1.2 w=10.0 
51459 248 248 338 0 jfeti6 l=1.2 w=12.0 
}1460 394 395 394 248 diol6 I=1.2 w=10.0 
j1461 395 338 395 248 diol6 l=1.2 w=10.0 
j1462 338 393 338 248 diol6 l=1.2 w=20.0 
41463 326 326 1 0 jfetl6 l=1.2 w=6.0 
1464 324 324 1 0 jfetl6 I=1.2 w=10.0 
}1465 388 253 0 0 jfet04 I=1.2 w=48.0 
j1466 0 253 388 0 jfet04 I=1.2 w=48.0 
j1467 396 253 0 0 jfet04 1=1.2 w=48.0 
j1468 0 253 396 0 jfet04 1=1.2 w=48.0 
j1469 397 364 0 0 jfet04 1=1.2 w=48.0 
j1470 0 364 397 0 jfet04 I=1.2 w=48.0 
j1471 398 243 00 jfet04 1=1.2 w=48.0 
j1472 0 243 398 0 jfet04 I=1.2 w=48.0 
j1473 399 244 0 0 jfet04 I=1.2 w=48.0 
j1474 0 244 399 0 jfet04 l=1.2 w=48.0 
31475 318 399 00 jfet04 I=1.2 w=48.0 
41476 0 399 318 0 jfet04 i=1.2 w=48.0 








j1477 318 398 00 jfet04 I=1.2 w=48.0 
j1478 0 398 318 0 jfet04 l=1.2 w=48.0 
j1479 318 397 00 jfet04 l=1.2 w=48.0 
1480 0 397 318 0 jfet04 1=1.2 w=48.0 
j1481 318 396 00 jfet04 I=1.2 w=48.0 
j1482 0 396 318 0 jfet04 I=1.2 w=48.0 
j1483 400 253 00 jfet04 I=1.2 w=48.0 
j1484 0 253 400 0 jfet04 I=1.2 w=48.0 
}1485 401 362 00 jfet04 I=1.2 w=48.0 
j1486 0 362 401 0 jfet04 I=1.2 w=48.0 
j1487 402 244 00 jfet04 1=1.2 w=48.0 
1488 0 244 402 0 jfet04 l=1.2 w=48.0 
}1489 403 243 00 jfet04 1=1.2 w=48.0 
j1490 0 243 403 0 jfet04 I=1.2 w=48.0 
j1491 404 403 00 jfet04 I=1.2 w=48.0 
41492 0 403 404 0 jfet04 1=1.2 w=48.0 
41493 404 402 0 0 jfet04 I=1.2 w=48.0 
31494 0 402 404 0 jfet04 1=1.2 w=48.0 
}1495 404 401 00 jfet04 I=1.2 w=48.0 
1496 0 401 404 0 jfet04 1=1.2 w=48.0 
}1497 404 400 00 jfet04 I= 1.2 w=48.0 
}1498 0 400 404 0 jfet04 1=1.2 w=48.0 
}1499 405 404 0 0 jfet04 I=1.2 w=48.0 
}1500 0 404 405 0 jfet04 1=1.2 w=48.0 
j1501 315 406 315 248 diol6 l=1.2 w=20.0 
51502 407 315 407 248 diol6 I=1.2 w=10.0 
j1503 248 248 408 0 jfet20 I=3.2 w=3.2 
j1504 408 409 408 248 diol6 1=1.2 w=4.0 
j1505 388 388 1 0 jfetl6 l=1.2 w=6.0 
}1506 1 396 396 0 jfetl6 l=1.2 w=6.0 
j1507 397 397 1 0 jfetl6 i=1.2 w=6.0 
j1508 1 398 398 0 jfeti6 1=1.2 w=6.0 
j1509 399 399 1 0 jfetl6 1=1.2 w=6.0 
j1510 409 405 1 0 jfet04 1=1.2 w=20.0 
j1511 406 410 406 248 diol6 1=1.2 w=20.0 
j1512 248 248 315 0 jfetl6 l=1.2 w=12.0 
j1513 411 407 411 248 diol6 1=1.2 w=10.0 
j1514 318 318 1 0 jfetl6 I=1.2 w=6.0 
51515 1 400 400 0 jfetis I=1.2 w=6.0 
51526 401 401 1 0 jfetl6 l=1.2 w=6.0 
j1517 1 402 402 0 jfeti6é l=1.2 w=6.0 
31518 403 403 1 0 jfetl6 1=1.2 w=6.0 
j1519 404 404 1 0 jfetl6 I=1.2 w=6.0 
51520 405 405 1 0 jfetl6 1l=1.2 w=6.0 
51521 412 412 1 0 jfetl6 l=1.2 w=3.2 
j1522 0 408 412 0 jfet16 l=1.2 w=10.0 
j1523 410 412 1 0 jfetl6 l=1.2 w=20.0 
j1524 413 411 413 248 diol6 I=1.2 w=10.0 
j1525 248 413 248 248 diol6 1=1.2 w=10.0 
41526 1 414 414 0 jfetl6 i=1.2 w=6.0 
51527 415 415 1 0 jfeti6 I=1.2 w=6.0 





j1528 1 416 416 0 jfetl6 l=1.2 w=6.0 
j1529 417 417 1 0 jfetl6 1=1.2 w=6.0 
41530 1 418 418 0 jfetl6 I=1.2 w=6.0 
j1531 1 419 419 0 jfetl6 I=1.2 w=6.0 
j1532 420 420 1 0 jfet16 I=1.2 w=6.0 
51533 1 421 421 0 jfetl6 I=1.2 w=6.0 
41534 422 422 1 0 jfetl6 I=1.2 w=6.0 
j1535 1 423 423 0 jfetl6 1=1.2 w=6.0 
51536 1 424 424 0 jfetl6 l=1.2 w=6.0 
41537 425 425 1 0 jfetl6 l=1.2 w=6.0 
j1538 1 426 426 0 jfetl6 1=1.2 w=6.0 
j1539 427 427 1 0 jfetl6 1=1.2 w=6.0 
j1540 1 428 428 0 jfeti6 1=1.2 w=6.0 
j1541 1 429 429 0 jfetl6 l=1.2 w=6.0 
41542 430 430 | 0 jfetl6 1=1.2 w=6.0 
31543 1 431 431 0 jfetl6 I=1.2 w=6.0 
j1544 432 432 1 0 jfetl6 1=1.2 w=6.0 
51545 1 433 433 0 jfetl6 1=1.2 w=6.0 
j1546 | 434 434 0 jfetl6 I=1.2 w=6.0 
j1547 1 435 435 0 jfetl6 l=1.2 w=3.2 
41548 1 436 436 0 jfetl6 1=1.2 w=3.2 
j1549 1 437 437 0 jfetl6 l= 1.2 w=3.2 
41550438 438 1 0 jfetl6 1=1.2 w=3.2 
41551 434 439 00 jfet04 I=1.2 w=48.0 
51552 0.439 434 0 jfet04 I= 1.2 w=48.0 
51553 0 434 436 0 jfet04 I=1.2 w=48.0 
51554 440 434 0 0 jfet04 1=1.2 w=48.0 
51555 1 436 4400 jfet04 I=1.2 w=48.0 
j1556 0 441 437 0 jfet04 I=1.2 w=48.0 
j1557 442 441 00 jfet04 I= 1.2 w=48.0 
j1558 1 437 442 0 jfet04 I=1.2 w=48.0 
41559 443 443 1 0 jfetl6 I=1.2 w=6.0 
j1560 444 444 1 0 jfetl6 i=1.2 w=3.2 
41561 445 438 1 0 jfet04 I=1.2 w=48.0 
j1562 0 243 445 0 jfet04 I= 1.2 w=48.0 
j1563 438 243 0 0 jfet04 1=1.2 w=48.0 
j1564 435 445 00 jfet04 i=1.2 w=48.0 
j1565 0 442 435 0 jfet04 l=1.2 w=48.0 
51566 435 440 00 jfer04 l=1.2 w=48.0 
j1567 175 435 10 jfet04 1=1.2 w=48.0 
j1568 0 440 175 0 jfet04 I=1.2 w=48.0 
j1569 175 442 00 jfet04 I=1.2 w=48.0 
j1570 0 445 175 0 jfet04 l=1.2 w=48.0 
j1571 175 435 1 0 jfet04 i=1.2 w=48.0 
j1572 0 440 175 0 jfet04 I= 1.2 w=48.0 
j1573 175 442.00 jfet04 l=1.2 w=48.0 
j1574 0 445 175 0 jfet04 1=1.2 w=48.0 
31575 175 445 00 jfet04 I=1.2 w=48.0 
51576 0 442 175 0 jfet04 I=1.2 w=48.0 
j1577 175 440 00 jfet04 I=1.2 w=48.0 
j1578 1 435 175 0 jfet04 l=1.2 w=48.0 
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j1579 175 435 1 0 jfetO4 1=1.2 w=48.0 
31580 0 440 175 0 jfet04 I= 1.2 w=48.0 
j1581 175 442 00 jfet04 I=1.2 w=48.0 
1582 0.445 175 0 jfet04 1=1.2 w=48.0 
}1583 175 445 00 jfet04 I=1.2 w=48.0 
j1584 0 442 175 0 jfet04 I=1.2 w=48.0 
41585 175 440 00 jfet04 I=1.2 w=48.0 
j1586 1 435 175 0 jfet04 I=1.2 w=48.0 
1587 443 175 00 jfet04 I=1.2 w=48.0 
}1588 0 175 443 0 jfet04 I=1.2 w=48.0 
}1589 446 443 1 0 jfet04 I=1.2 w=20.0 
j1590 0 447 444 0 jfetl6 1=1.2 w=10.0 
j1591 448 444 1 0 jfett6 l=1.2 w=20.0 
j1592 248 449 248 248 diol6 I=1.2 w=10.0 
j1593 414 45000 jfet04 I=1.2 w=48.0 
j1594 0 450 414 0 jfet04 l=1.2 w=48.0 
j1595 415 169 00 jfet04 1=1.2 w=48.0 
j1596 0 169 415 0 jfet04 I=1.2 w=48.0 
j1597 416 451 00 jfet04 I=1.2 w=48.0 
j1598 0 451 416 0 jfet04 I=1.2 w=48.0 
j1599 417 452 00 jfet04 I=1.2 w=48.0 
41600 0 452 417 0 jfet04 I=1.2 w=48.0 
j1601 418 417 00 jfet04 1=1.2 w=48.0 
j1602 0 417 418 0 jfet04 I=1.2 w=48.0 
j1603 418 416 00 jfet04 I=1.2 w=48.0 
j1604 0 416 418 0 jfet04 1=1.2 w=48.0 
j1605 418 415 00 jfet04 I=1.2 w=48.0 
j1606 0 415 418 0 jfet04 i=1.2 w=48.0 
j1607 418 414 00 jfet04 I=1.2 w=48.0 
j1608 0 414 418 0 jfet04 I=1.2 w=48.0 
j1609 419 453 0 0 jfet04 I=1.2 w=48.0 
41610 0 453 419 0 jfet04 I=1.2 w=48.0 
j16!1 420 454 0 0 jfet04 1=1.2 w=48.0 
41612 0 454 420 0 jfet04 I=1.2 w=48.0 
j1613 421 455 00 jfet04 I=1.2 w=48.0 
51614 0 455 421 0 jfet04 t=1.2 w=48.0 
51615 422 175 00 jfet04 I=1.2 w=48.0 
j1616 0 175 422 0 jfet04 I=1.2 w=48.0 
51617 423 422 00 jfet04 I=1.2 w=48.0 
j1618 0 422 423 0 jfet04 i=1.2 w=48.0 
j1619 423 421 00 jfet04 I=1.2 w=48.0 
j1620 0 421 423 0 jfet04 I=1.2 w=48.0 
j1621 423 420 00 jfet04 I=1.2 w=48.0 
j1622 0 420 423 0 jfet04 1=1.2 w=48.0 
j1623 423 419 00 jfet4 I=1.2 w=48.0 
j1624 0 419 423 0 jfet04 1=1.2 w=48.0 
51625 424 4500 0 jfet04 I=1.2 w=48.0 
51626 0 450 424 0 jfet04 1=1.2 w=48.0 
j1627 425 455 00 jfet04 I=1.2 w=48.0 
j1628 0 455 425 0 jfet04 1=1.2 w=48.0 
j1629 426 175 00 jfet04 I= 1.2 w=48.0 





41630 0 175 426 0 jfet04 l=1.2 w=48.0 
j1631 427 453 00 jfet04 I=1.2 w=48.0 
j1632 0 453 427 0 jfet04 l= 1.2 w=48.0 
j1633 428 427 00 jfet4 1=1.2 w=48.0 
51634 0 427 428 0 jfet04 I= 1.2 w=48.0 
51635 428 426 00 jfet04 1=1.2 w=48.0 
}1636 0 426 428 0 jfet04 1=1.2 w=48.0 
51637 428 425 00 jfet4 I=1.2 w=48.0 
41638 0 425 428 0 jfe04 I=1.2 w=48.0 
51639 428 424 00 jfet4 1=1.2 w=48.0 
41640 0 424 428 0 jfet04 I=1.2 w=48.0 
}1641 429 45000 jfet4 l=1.2 w=48.0 
j1642 0 450 429 0 jfet04 I= 1.2 w=48.0 
j1643 430 455 00 jfet04 1=1.2 w=48.0 
31644 0 455 430 0 jfet04 I=1.2 w=48.0 
}1645 431 169.00 jfet04 1=1.2 w=48.0 
51646 0 169 431 0 jfet04 1=1.2 w=48.0 
j1647 432 452 00 jfet04 1=1.2 w=48.0 
51648 0 452 432 0 jfet04 I=1.2 w=48.0 
j1649 433 432 0 0 jfet04 I=1.2 w=48.0 
}1650 0 432 433 0 jfet04 1=1.2 w=48.0 
j1651 433 431 00 jfet04 l=1.2 w= 48.0 
j1652 0 431 433 0 jfet04 l=1.2 w=48.0 
j1653 433 43000 jfet04 I=1.2 w=48.0 
41654 0 430 433 0 jfet04 I=1.2 w=48.0 
51655 433 429 00 jfet04 1=1.2 w=48.0 
j1656 0 429 433 0 jfet04 I= 1.2 w=48.0 
31657 447 446 447 248 diol6 I=1.2 w=4.0 
j1658 447 248 248 0 jfet20 I=3.2 w=3.2 
j1659 456 448 456 248 diol6 I=1.2 w=20.0 
j1660 449 457 449 248 dio!6 I=1.2 w=10.0 
51661 248 248 183 0 jfetl6 1=1.2 w=12.0 
j1662 457 458 457 248 diol6 l=1.2 w=10.0 
41663 176 177 459 0 jfeti6 t=1.2 w=3.2 
j1664 450 179 460 0 jfeti6 I=1.2 w=8.0 
j1665 461 182 4500 jfecl6 l=1.2 w=8.0 
j1666 459 183 450 0 jfetl6 I=1.2 w=8.0 
31667 458 183 458 248 diol6 I=1.2 w=10.0 
41668 1 462 450 0 jfetl6 I=1.2 w=62.0 
j1669 185 177 450 0 jfeti6 l=1.2 w=6.0 
j1670 183 456 183 248 diol6 l=1.2 w=20.0 
j1671 463 187 450 0 jfetl6 l=1.2 w=8.0 
j1672 450 462 1 0 jfetl6 1=1.2 w=62.0 
j1673 450 188 464 0 jfetl6 I=1.2 w=8.0 
j1674 1 462 450 0 jfetl6 1=1.2 w=62.0 
j1675 465 466 0 0 jfet04 I= 1.2 w=48.0 
j1676 0.466 465 0 jfet04 I=1.2 w=48.0 
j1677 0 467 468 0 jfet04 I=1.2 w=48.0 
41678 469 467 0 0 jfet04 1=1.2 w=48.0 
j1679 1 468 469 0 jfet04 I= 1.2 w=48.0 
j1680 470.471 1 0 jfet04 I=1.2 w=48.0 
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41681 0.472 470 0 jfet04 I=1.2 w=48.0 
j1682 471 472 00 jfet04 I= 1.2 w=48.0 
}1683 0 473 474 0 jfet04 I=1.2 w=48.0 
51684 475 473 00 jfet04 l=1.2 w=48.0 
j1685 1 474 475 0 jfet04 l=1.2 w=48.0 
51686 476 477 1 0 jfet04 l=1.2 w=48.0 
41687 0 465 476 0 jfet04 l=1.2 w=48.0 
j1688 477 465 0 0 jfet04 I=1.2 w=48.0 
}1689 0 469 478 0 jfet04 I=1.2 w=48.0 
j1690 478 470 0 0 jfew04 1=1.2 w=48.0 
j1691 0.475 478 0 jfet04 1=1.2 w=48.0 
j1692 478 476 00 jfet04 l= 1.2 w=48.0 
j1693 479 478 1 0 jfet04 1=1.2 w=48.0 
51694 0.476 479 0 jfet04 I=1.2 w=48.0 
j1695 479 475 00 jfet04 l=1.2 w=48.0 
41696 0 470 479 0 jfet04 1=1.2 w=48.0 
j1697 479 469 00 jfet04 I=1.2 w=48.0 
51698 0 479 480 0 jfet04 1=1.2 w=48.0 
j1699 481 479 0 0 jfet04 l=1.2 w=48.0 
51700 1 480 481 0 jfet04 1=1.2 w=48.0 
j1701 1 468 468 0 jfetl6 l=1.2 w=3.2 
51702 471 471 1 0 jfet16 1=1.2 w=3.2 
j1703 1 474 474 0 jfetl6 l=1.2 w=3.2 
j1704 477 477 10 jfetl6 l=1.2 w=3.2 
51705 450 482 00 jfet04 I=1.2 w=6.0 
j1706 450 455 00 jfet04 I=1.2 w=70.0 
j1707 0 455 450 0 jfet04 I=1.2 w=70.0 
j1708 1 191 4500 jfeti6 1=1.2 w=9.2 
j1709 450 455 0 0 jfet04 l=1.2 w=70.0 
j1710 450 177 455 0 jfet16 1=1.2 w=17.2 
j1711 0.450 455 0 jfet04 I=1.2 w=70.0 
31712 455 45000 jfet04 I=1.2 w=70.0 
j1713 465 465 1 0 jfetl6 1=1.2 w=6.0 
j1714 478 478 1 0 jfetl6 l=1.2 w=3.2 
31715 1 480 480 0 jfetl6 1=1.2 w=3.2 
31716 1 191 455 0 jfetl6 l=1.2 w=9.2 
j1717 0 483 455 0 jfet04 I=1.2 w=6.0 
j1718 0.450 455 0 jfet04 I=1.2 w=70.0 
j1719 1 484 484 0 jfetl6 l=1.2 w=6.0 
51720 485 485 1 0 jfeti6 l=1.2 w=6.0 
j1721 1 486 486 0 jfetl6 l=1.2 w=6.0 
j1722 1 487 487 0 jfetl6 l=1.2 w=6.0 
41723 488 488 1 0 jfetl6 l=1.2 w=6.0 
51724 1 489 489 0 jfetl6 l=1.2 w=6.0 
j1725 1 490 490 0 jfetl6 l=1.2 w=6.0 
j1726 491 491 1 0 jfeti6 1=1.2 w=6.0 
41727 492 492 1 0 jfeti6 1=1.2 w=6.0 
j1728 493 493 1 0 jfeti6 1=1.2 w=6.0 
j1729 494 494 1 0 jfeti6 1=1.2 w=6.0 
j1730 1 495 495 0 jfeti6 1=1.2 w=6.0 
j1731 496 496 1 0 jfeti6 l=1.2 w=6.0 








j1732 497 497 1 0 jfetl6 l=1.2 w=6.0 
j1733 498 498 1 0 jfetl6 I=1.2 w=6.0 
j1734 499 499 10 jfeti6 l=1.2 w=6.0 
31735 1 500 500 0 jfetl6 l=1.2 w=6.0 
}1736 501 501 1 0 jfeti6 I=1.2 w=6.0 
j1737 502 502 1 0 jfetl6 1=1.2 w=6.0 
31738 503 503 1 0 jfeti6 l=1.2 w=6.0 
41739 1 504 504 0 jfetl6 1=1.2 w=6.0 
j1740 505 505 1 0 jfetl6 1=1.2 w=6.0 
j1741 506 194 455 0 jfetl6 l=1.2 w=8.0 
51742 455 507 1 0 jfetl6 l=1.2 w=62.0 
51743 1 508 508 0 jfetl6 1=1.2 w=6.0 
j1744 1 509 509 0 jfetl6 I=1.2 w=6.0 
j1745 1510 5100 jfeti6 1=1.2 w=6.0 
31746 1511 511 0 jfetl6 1=1.2 w=6.0 
j1747 484 472 00 jfet04 i=1.2 w=48.0 
j1748 0 472 484 0 jfet04 I=1.2 w=48.0 
41749 485 481 00 jfet04 1=1.2 w=48.0 
41750 0 481 485 0 jfet04 I=1.2 w=48.0 
j1751 486 484 0 0 jfet04 l= 1.2 w=48.0 
j1752 0 484 486 0 jfet04 I=1.2 w=48.0 
j1753 486 485 0 0 jfet04 l=1.2 w=48.0 
51754 0 485 486 0 jfet04 I=1.2 w=48.0 
j1755 487 512.00 jfet04 l=1.2 w=48.0 
j1756 0 512 487 0 jfet04 [=1.2 w=48.0 
j1757 488 513 00 jfet04 I=1.2 w=48.0 
j1758 0 513 488 0 jfet04 1=1.2 w=48,0 
j1759 489 487 0 0 jfet04 1=1.2 w=48.0 
j1760 0 487 489 0 jfet04 [= 1.2 w=48.0 
j1761 489 488 00 jfet04 l=1.2 w=48.0 
j1762 0 488 489 0 jfet04 I=1.2 w=48.0 
j1763 490 489 0 0 jfet04 I=1.2 w=48,0 
j1764 0 489 490 0 jfet04 I=1.2 w=48.0 
j1765 490 486 00 jfew04 1=1.2 w=48.0 
51766 0 486 490 0 jfetO4 I= 1.2 w=48.0 
j1767 491 490.00 jfet04 1=1.2 w=48.0 
j1768 0 490-491 0 jfet04 i= 1.2 w=48.0 
j1769 492 491 00 jfet04 1=1.2 w=48.0 
j1770 0 491 492 0 jfet04 1=1.2 w=48.0 
j1771 493 481 0 0 jfer04 I=1.2 w=48.0 
j1772.0 481 493 0 jfet04 l= 1.2 w=48.0 
j1773 494 514.00 jfet04 l=1.2 w=48.0 
j1774 0 514 494 0 jfet04 1=1.2 w=48.0 
j1775 495 494 0 0 jfet04 I=1.2 w=48.0 
j1776 0 494 495 0 jfet04 1=1.2 w=48.0 
j1777 495 493 00 jfet04 I=1.2 w=48.0 
j1778 0 +33 495 0 jfet04 I=1.2 w=48.0 
j1779 495 492.00 jfet04 1=1.2 w=48.0 
j1780 0 492 495 0 jfet04 I=1.2 w=48.0 
j1781 496 495 00 jfet04 |=1.2 w=48.0 
j1782 0 495 496 0 jfet04 1=1.2 w=48.0 
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j1783 497 481 00 jfet04 I=1.2 w=48.0 
j1784 0 481 497 0 jfet04 1=1.2 w=48.0 
j1785 498 505 00 jfet04 I=1.2 w=48.0 
31786 0 505 498 0 jfet04 1=1.2 w=48.0 
j1787 499 297 0 0 jfet04 I=1.2 w=48.0 
j1788 0 297 499 0 jfetO4 I=1.2 w=48.0 
51789 500 499 00 jfet04 I=1.2 w=48.0 
1790 0 499 500 0 jfet4 1=1.2 w=48.0 
j1791 500 498 00 jfet04 1=1.2 w=48.0 
317920 498 500 0 jfet04 1=1.2 w=48.0 
51793 500 497 00 jfet04 i=1.2 w=48.0 
51794 0 497 500 0 jfet04 I=1.2 w=48.0 
31795 501 500 00 jfet04 I=1.2 w=48.0 
j1796 0 500 501 0 jfet04 1=1.2 w=48.0 
}1797 502 501 00 jfet04 1=1.2 w=48.0 
j1798 0 501 502 0 jfet04 I=1.2 w=48.0 
1799 503 496 0 0 jfet04 I=1.2 w=48.0 
j1800 0 496 503 0 jfet04 1=1.2 w=48.0 
j1801 504 503 0 0 jfet04 1=1.2 w=48.0 
j1802 0 503 504 0 jfet04 1=1.2 w=48.0 
51803 504 502 00 jfet04 I=1.2 w=48.0 
j1804 0 502 504 0 jfet04 1=1.2 w=48.0 
}1805 505 504 00 jfet04 I=1.2 w=48.0 
51806 0 504 505 0 jfe104 1=1.2 w=48.0 
j1807 515 418 00 jfet04 l=1.2 w=48.0 
51808 0 418 515 0 jfet04 I=1.2 w=48.0 
71809 515 423 00 jfet04 I= 1.2 w=48.0 
j1810 0 423 515 0 jfet04 1=1.2 w=48.0 
51811 515 428 00 jfet04 I=1.2 w=48.0 
j1812 0 428 515 0 jfet04 1=1.2 w=48.0 
j1813 515 433 00 jfet04 Ie1.2 w=48.0 
j1814 0 433 515 0 jfet04 I=1.2 w=48.0 
j1815 516 515 00 jfet04 l=1.2 w=48.0 
51816 0 515 516 0 jfet04 I=1.2 w=48.0 
j1817 454 450 00 jfet04 I=1.2 w=48.0 
j1818 0 450 454 0 jfet04 I=1.2 w=48.0 
j1819 451 455 00 jfet04 l=1.2 w=48.0 
j1820 0 455 451 0 jfet04 I=1.2 w=48.0 
j1821 452 175 00 jfet04 l=1.2 w=48.0 
51822 0 175 452 0 jfet04 l=1.2 w=48.0 
j1823 453 169 00 jfet04 f=1.2 w=48.0 
31824 0 169 453 0 jfet04 I=1.2 w=48.0 
j1825 517 169 00 jfet04 l=1.2 w=48.0 
51826 0 169 517 0 jfet04 I=1.2 w=48.0 
51827 517 175 00 jfet04 l=1.2 w=48.0 
51828 0 175 517 0 jfet04 [=1.2 w=48.0 
j1829 518 517 00 jfet04 I=1.2 w=48.0 
j1830 0 517 518 0 jfet04 I=1.2 w=48.0 
51831 519 518 00 jfetO4 I=1.2 w=48.0 
j1832 0 518 519 0 jfet04 I=1.2 w=48.0 
j1833 520 202 00 jfet04 I=1.2 w=48.0 





1834 0 202 520 0 jfet04 I=1.2 w=48.0 
[1835 521 519 00 jfet04 I=1.2 w=48.0 
41836 0 519 521 0 jfet04 I=1.2 w=48.0 
51837 521 52000 jfet04 I=1.2 w=48.0 
41838 0 520 521 0 jfetO4 1=1.2 w=48.0 
j1839 522 516 00 jfet04 I=1.2 w=48.0 
51840 0 516 522 0 jfet04 1=1.2 w=48.0 
j1841 455 205 523 0 jfetl6 l=1.2 w=8.0 
j1842 1 507 455 0 jfeti6 I=1.2 w=62.0 
31843 524 524 1 0 jfetl6 I=1.2 w=6.0 
1844 525 525 1 0 jfetl6 1=1.2 w=6.0 
}1845 524 297 00 jfet04 1=1.2 w=48.0 
j1846 0 297 524 0 jfetO4 I=1.2 w=48.0 
1847 525 481 0.0 jfet04 l=1.2 w=48.0 
1848 0 481 525 0 jfe104 1=1.2 w=48.0 
1849 526 481 00 jfet04 I=1.2 w=64.0 
31850 0 481 526 0 jfet04 1=1.2 w=64.0 
51851 526 481 00 jfet04 1=1.2 w=64.0 
51852 508 524 526 0 jfet04 I=1.2 w=64.0 
31853 526 524 508 0 jfet04 I=1.2 w=64.0 
71854 508 524 526 0 jfet04 l=1.2 w=64.0 
41855 527 508 509 0 jfet04 I=1.2 w=64.0 
j1856 509 508 527 0 jfet04 I=1.2 w=64.0 
1857 527 508 509 0 jfet04 l=1.2 w=64.0 
71858 0 511 527 0 jfet04 l=1.2 w=64.0 
j1859 527 511 00 jfet04 I=1.2 w=64.0 
41860 0 511 527 0 jfet04 I=1.2 w=64.0 
51861 528 524 00 jfet04 I=1.2 w=64.0 
j1862 0 524 528 0 jfet04 l=1.2 w=64.0 
j1863 528 524 00 jfet04 1=1.2 w=64.0 
j1864 510 525 528 0 jfet04 I=1.2 w=64.0 
[1865 528 525 510 0 jfet04 1=1.2 w=64.0 
j1866 510 525 528 0 jfet04 1=1.2 w=64.0 
51867 529 510511 0 jfet04 1=1.2 w=64.0 
j1868 511 510 529 0 jfet04 I=1.2 w=64.0 
j1869 529 510511 0 jfet04 I=1.2 w=64.0 
j1870 0 509 529 0 jfet04 1=1.2 w=64.0 
j1871 529 509 00 jfet04 1=1.2 w=64.0 
[1872.0 509 529 0 jfet04 I=1.2 w=64.0 
j1873 185 177 455 O jfet16 I=1.2 w=6.0 
j1874 1515 515 0 jfetl6 t=1.2 w=6.0 
j1875 516 516 1 0 jfetl6 I=1.2 w=6.0 
j1876 1 454 454 0 jfetl6 1=1.2 w=6.0 
51877 451 451 1 O jfetl6 1=1.2 w=6.0 
j1878 1 452 452 0 jfetl6 I=1.2 w=6.0 
j1879 453 453 10 jfeti6 I=1.2 w=6.0 
j1880 1 517 517 0 jfetl6 l=1.2 w=6.0 
j1881 518 518 1 0 jfetl6 1=1.2 w=6.0 
j1882 1 519 519 0 jfetl6 l=1.2 w=6.0 
j1883 520 520 1 0 jfetl6 l=1.2 w=6.0 
j1884 1 521 521 0 jfetl6 I=1.2 w=6.0 
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j1885 522 522 1 0 jfetl6 l=1.2 w=6.0 
}1886 530 516 00 jfet04 I=1.2 w=64.0 
41887 0.516 5300 jfet04 I= 1.2 w=64.0 
}1888 530 516 00 jfet04 I=1.2 w=64.0 
j1889 531 521 530 0 jfet04 I=1.2 w=64.0 
j1890 530 521 531 0 jfet04 l= 1.2 w=64.0 
j1891 531 521 530 0 jfet04 I=1.2 w=64.0 
j1892 532 531 125 0 jfet04 I=1.2 w=64.0 
j1893 125 531 532 0 jfet04 I=1.2 w=64.0 
}1894 532 531 125 0 jfet04 I=1.2 w=64.0 
j1895 0 533 532 0 jfet04 l=1.2 w=64.0 
j1896 532 533 00 jfet04 I=1.2 w=64.0 
51897 0 533 532 0 jfet04 I=1.2 w=64.0 
j1898 534 521 00 jfet04 I=1.2 w=64.0 
j1899 0 521 534 0 jfetO4 1=1.2 w=64.0 
51900 534 521 0 0 jfet04 1=1.2 w=64.0 
j1901 535 522 534 0 jfet04 I=1.2 w=64.0 
j1902 534 522 535 0 jfet04 I=1.2 w=64.0 
j1903 535 522.534 0 jfet04 l=1.2 w=64.0 
j1904 536 535 533 0 jfet04 I=1.2 w=64.0 
j1905 533 535 536 0 jfet04 I=1.2 w=64.0 
}1906 536 535 533 0 jfet04 l=1.2 w=64.0 
j1907 0 125 536 0 jfew4 1=1.2 w=64.0 
j1908 536 125 00 jfet04 1=1.2 w=64.0 
j1909 0 125 536 0 jfet04 1=1.2 w=64.0 
}1910 455 507 1 0 jfetl6 1=1.2 w=62.0 
j1911 0.441 537 0 jfet04 I=1.2 w=48.0 
j1912 538 441 00 jfet4 1=1.2 w=48.0 
j1913 1 537 538 0 jfet04 1=1.2 w=48.0 
j1914 0.439 539 0 jfet04 1=1.2 w=48.0 
j1915 540 439 0 0 jfet04 1=1.2 w=48.0 
}1916 1 539 540 0 jfet04 I=1.2 w=48.0 
}1917 541 542 1 0 jfet04 1=1.2 w=48.0 
j1918 0 243 541 0 jfet04 1=1.2 w=48.0 
j1919 542 243 0 0 jfet04 1=1.2 w=48.0 
51920 543 541 00 jfet04 I=1.2 w=48.0 
j1921 0 540 543 0 jfet04 1=1.2 w=48.0 
j1922 543 538 00 jfet04 I=1.2 w=48.0 
41923 169 543 1 0 jfetO4 l=1.2 w=48.0 
}1924 0538 169 0 jfet04 I=1.2 w=48.0 
j1925 169 5400 0 jfet4 I=1.2 w=48.0 
j1926 0.541 169 0 jfet04 1=1.2 w=48.0 
41927 169 543 1 0 jfet04 I=1.2 w=48.0 
}1928 0 538 169 0 jfet04 1=1.2 w=48.0 
j1929 169 540 00 jfet04 1=1.2 w=48.0 
j1930 0 541 169 0 jfet04 l=1.2 w=48.0 
j1931 169 541 00 jfet04 1=1.2 w=48.0 
1932.0 540 169 0 jfet04 1=1.2 w=48.0 
j1933 169 538 00 jfetO4 1=1.2 w=48.0 
51934 1 543 169 0 jfet04 l=1.2 w=48.0 
41935 169 543 1 0 jfet04 I=1.2 w=48.0 
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j1936 0 538 169 0 jfet04 l=1.2 w=48.0 
j1937 169 540 00 jfet04 1=1.2 w=48.0 
j1938 0 541 1690 jfet04 1=1.2 w=48.0 
41939 169 541 00 jfet04 l=1.2 w=48.0 
j1940 0 540 169 0 jfet04 1=1.2 w=48.0 
j1941 169 538 00 jfet04 l=1.2 w=48.0 
41942 1 543 1690 jfet04 1=1.2 w=48.0 
j1943 544 169 00 jfet04 1=1.2 w=48.0 
51944 0 169 544 0 jfet04 1=1.2 w=48.0 
}1945 455 214 545 0 jfetl6 l=1.2 w=8.0 
j1946 546 217 455 0 jfetl6 l=1.2 w=8.0 
j1947 219 547 219 248 diol6 l=1.2 w=20.0 
j1948 548 219 455 0 jfetl6 I=1.2 w=8.0 
71949 1 549 549 0 jfetl6 l=1.2 w=6.0 
j1950 1 550 550 0 jfetl6 I=1.2 w=6.0 
j1951 551 219 551 248 diol6 I=1.2 w=10.0 
51952 1 552 552 0 jfetl6 I=1.2 w=6.0 
}1953 1 553 553 0 jfetl6 I=1.2 w=6.0 
}1954 531 531 10 jfetl6 l=1.2 w=6.0 
51955 125 125 1 0 jfetl6 l=1.2 w=6.0 
51956 535 535 1 0 jfetl6 l=1.2 w=6.0 
j1957 533 533 1 0 jfetl6 l=1.2 w=6.0 
j1958 176 177 548 0 jfet!6 t=1.2 w=3.2 
j1959 248 248 554 0 jfet20 1=3.2 w=3.2 
51960 554 555 554 248 diol6 l=1.2 w=4.0 
j1961 1 537 537 0 jfetl6 1=1.2 w=3.2 
51962 1 539 539 0 jfetl6 1=1.2 w=3.2 
31963 542 542 10 jfeti6 I=1.2 w=3.2 
j1964 555 544 1 0 jfet04 l=1.2 w=20.0 
j1965 547 556 547 248 diol6 I=1.2 w=20.0 
j1966 248 248 219 0 jfetl6 l=1.2 w=12.0 
j1967 557 557 1 O jfetl6 l=1.2 w=6.0 
}1968 558 551 558 248 diolé I=1.2 w=10.0 
j1969 543 543 1 0 jfetl6 l=1.2 w=3.2 
51970 544 544 1 0 jfetl6 I=1.2 w=6.0 
j1971 559 559 1 0 jfeti6 1=1.2 w=3.2 
41972 0 554 559 0 jfetl6 l=1.2 w=10.0 
51973 556 559 1 0 jfetl6 l=1.2 w=20.0 
j1974 560 558 560 248 diol6 1=1.2 w=10.0 
j1975 248 560 248 248 diol6 1=1.2 w=10.0 
j1976 1 561 561 0 jfeti6 l=1.2 w=6.0 
j1977 562 562 1 0 jfetl6 l=1.2 w=6.0 
j1978 563 563 1 0 jfetl6 l=1.2 w=6.0 
1979 1 564 564 0 jfetl6 1=1.2 w=3.2 
j1980 565 565 1 0 jfetl6 I=1.2 w=3.2 
j1981 1 566 566 0 jfeti6 1=1.2 w=3.2 
j1982 567 567 1 0 jfetl6 I=1.2 w=3.2 
}1983 1 568 568 0 jfetl6 I=1.2 w=3.2 
j1984 1 569 569 0 jfetl6 I=1.2 w=6.0 
41985 1570 5700 jfetl6 I=1.2 w=3.2 
41986 571 571 1 0 jfetl6 I=1.2 w=3.2 
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j1987 1 572 572 0 jfetl6 1=1.2 w=3.2 

j1988 513 481 00 jfet04 I=1.2 w=48.0 
51989 0 481 513 0 jfet04 I=1.2 w=48.0 
j1990 573 297 00 jfet4 i=1.2 w=48.0 
j1991 0 297 573 0 jfet04 I=1.2 w=48.0 
51992 574 501 00 jfet04 1=1.2 w=48.0 
j1993 0 501 574 0 jfet04 I=1.2 w=48.0 
}1994 575 496 00 jfew4 I=1.2 w=48.0 
j1995 0 496 575 0 jfet04 I=1.2 w=48.0 
j1996 576 575 00 jfet4 1=1.2 w=48.0 
j1997 0 575 576 0 jfet4 l=1.2 w=48.0 
j1998 576 574 00 jfet04 1=1.2 w=48.0 
j1999 0.574 576 0 jfet04 1=1.2 w=48.0 
}2000 576 573 00 jfet04 1=1.2 w=48.0 
j2001 0 573 576 0 jfet04 [=1.2 w=48.0 
52002 514 576 0 0 jfet4 1=1.2 w=48.0 
j2003 0 576 514 0 jfet04 I=1.2 w=48.0 
52004 577 481 00 jfet04 I=1.2 w=48.0 
42005 0 481 577 0 jfet04 I=1.2 w=48.0 
52006 578 512 00 jfet04 I=1.2 w=48.0 
52007 0 512 578 0 jfetO4 1=1.2 w=48.0 
52008 579 514 00 jfet04 l=1.2 w=48.0 
52009 0 514 579 0 jfet04 I=1.2 w=48.0 
j2010 580 579 0 0 jfetO4 I=1.2 w=48.0 
52011 0.579 580 0 jfet04 l=1.2 w=48.0 
52012 580 578 0.0 jfet04 l=1.2 w=48.0 
52013 0 578 580 0 jfet04 1=1.2 w=48.0 
j2014 580 577 00 jfet04 1=1.2 w=48.0 
52015 0 577 5800 jfet04 1=1.2 w=48.0 
52016 472 580 00 jfet4 1=1.2 w=48.0 
52017 0 580 472 0 jfet04 1=1.2 w=48.0 
j2018 581 472 00 jfe04 1=1.2 w=48.0 
j2019 0 472 581 0 jfet04 I=1.2 w=48.0 
j2020 582 501 0 0 jfet04 I=1.2 w=48.0 
42021 0 501 582 0 jfet04 1=1.2 w=48.0 
j2022 583 582 00 jfet04 1=1.2 w=48.0 
j2023 0 582 583 0 jfetO4 I=1.2 w=48.0 
j2024 583 581 00 jfet04 I=1.2 w=48.0 
j2025 0 581 583 0 jfet04 1=1.2 w=48.0 
j2026 512 583 0 0 jfet04 1=1.2 w=48.0 
j2027 0 583 512.0 jfew4 1=1.2 w=48.0 
52028 584 584 1 0 jfetl6 I=1.2 w=6.0 

52029 585 585 10 jfetl6 l=1.2 w=6.0 

52030 1 513 513 0 jfetl6 l=1.2 w=6.0 

52031 573 573 1 0 jfetl6 1=1.2 w=6.0 

j2032 574 574 1 0 jfetl6 l=1.2 w=6.0 

52033 575 575 1 0 jfetl6 l=1.2 w=6.0 

52034 576 576 1 0 jfetl6 l=1.2 w=6.0 

j2035 514 514 | 0 jfetl6 =1.2 w=6.0 

j2036 577 577 1 0 jfetl6 l=1.2 w=6.0 

52037 578 578 1 0 jfetl6 I=1.2 w=6.0 
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j2038 579 579 1 0 jfetl6 I=1.2 w=6.0 
52039 580 580 1 0 jfetl6 I=1.2 w=6.0 
52040 472 472 1 0 jfetl6 l=1.2 w=6.0 
j2041 581 581 1 0 jfetl6 I=1.2 w=6.0 
j2042 582 582 1 0 jfetl6 I=1.2 w=6.0 
j2043 583 583 1 0 jfeti6 I=1.2 w=6.0 
52044 512 512 1 O jfetl6 I=1.2 w=6.0 
j2045 1 586 586 0 jfetl6 I=1.2 w=6.0 
j2046 587 587 1 0 jfetl6 I=1.2 w=6.0 
52047 1 588 588 0 jfetl6 I=1.2 w=6.0 
j2048 1 589 589 0 jfet!6 I=1.2 w=6.0 
52049 590 590 1 0 jfet?6 I=1.2 w=6.9 
}2050 1 591 591 0 jfetl6 I=1.2 w=6.0 
j2051 584 524 00 jfet04 I=1.2 w=48.0 
52052 0 524 584 0 jfet04 I=1.2 w=48.0 
52053 585 509 00 jfet04 l=1.2 w=48.0 
52054 0 509 585 0 jfet04 I=1.2 w=48.0 
j2055 592 509 0 0 jfet04 1=1.2 w=64.0 
52056 0 509 592 0 jfet04 1=1.2 w=64.0 
52057 592. 509 00 jfet04 1=1.2 w=64.0 


j2058 569 584 592 0 jfet04 1=1.2 w=64.0 
42059 592 584 569 0 jfet04 1=1.2 w=64.0 
52060 569 584 592 0 jfet04 I=1.2 w=64.0 


52061 0 569 570 0 jfet04 1=1.2 w=48.0 
j2062 593 569 00 jfet04 I=1.2 w=48.0 
52063 1 570 593 0 jfet04 I=1.2 w=48.0 
j2064 594 571 1 0 jfet04 l=1.2 w=48.5 
52065 0 595 594 0 jfet04 1=1.2 w=48.0 
j2066 571 595 00 jfet04 I=1.2 w=48.0 
j2067 1 596 596 0 jfet16 1=1.2 w=3.2 

j2068 0 593 572 0 jfet04 1=1.2 w=48.0 
52069 572 594 00 jfet04 I=1.2 w=48.0 
j2070 597 572 1 0 jfet04 1=1.2 w=48.0 
52071 0 594 597 0 jfet04 I=1.2 w=48.0 
j2072 597 593 00 jfet04 I= 1.2 w=48.0 
j2073 0 597 596 0 jfet04 I=1.2 w=48.0 
j2074 598 597 00 jfet04 I=1.2 w=48.0 
42075 1 596 598 0 jfet04 1=1.2 w=48.0 
52076 561 599 00 jfet04 1=1.2 w=48.0 
52077 0 599 561 0 jfet04 I=1.2 w=48.0 
42078 562 600 00 jfet04 1=1.2 w=48.0 
52079 0 600 562 0 jfet04 1=1.2 w=48.0 
j2080 563 439 00 jfet04 I=1.2 w=48.0 
52081 0 439 563 0 jfet04 [=1.2 w=48.0 
52082 0 441 564 0 jfet04 1=1.2 w=48.0 
52083 601 441 00 jfet04 I=1.2 w=48.0 
j2084 1 564 601 0 jfet04 1=1.2 w=48.0 
52085 602 565 1 0 jfet04 1=1.2 w=48.0 
52086 0 561 602 0 jfet04 I=1.2 w=48.0 
52087 565 561 00 jfet04 1=1.2 w=48.0 
j2088 0 562 566 0 jfet04 1=1.2 w=48.0 
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j2089 603 562 0 0 jfet04 i= 1.2 w=48.0 
52090 1 566 603 0 jfet04 1=1.2 w=48.0 
j2091 557 604 00 jfet04 i=1.2 w=48.0 
52092 0 604 557 0 jfet04 1=1.2 w=48.0 
52093 605 604 00 jfet04 1=1.2 w=64.0 
52094 0 604 605 0 jfet04 l= 1.2 w=64.0 
j2095 605 604 0 0 jfet04 1=1.2 w=64.0 
j2096 549 227 605 0 jfet04 I= 1.2 w=64.0 
42097 605 227 549 0 jfet04 I= 1.2 w=64.0 
j2098 549 227 605 0 jfet04 I= 1.2 w=64.0 
52099 606 549 5500 jfet04 l=1.2 w=64.0 
52100 550 549 606 0 jfet04 I=1.2 w=64.0 
j2101 606 549 550 0 pet04 1=1.2 w=64.0 
j2102 0 553 606 0 jfet04 l= 1.2 w=64.0 
}2103 606 553 00 jfet04 l=1.2 w=64.0 
j2104 0 553 606 0 jfet04 1=1.2 w=64.0 
j2105 607 227 00 jfet04 I=1.2 w=64.0 
52106 0 227 607 0 jfet04 l=1.2 w=64.0 
j2107 607 227 00 jfet04 l=1.2 w=64.0 
52108 552 557 607 0 jfet04 1=1.2 w=64.0 
52109 607 557 552 0 jfet04 I=1.2 w=64.0 
j2110 552 557 607 0 jfet04 1=1.2 w=64.0 
j2111 608 552 553 0 jfet04 I= 1.2 w=64.0 
j2112 553 552 608 0 jfet04 I=1.2 w=64.0 
j2113 608 552 553 0 jfet04 I=1.2 w=64.0 
j2114 0 550 608 0 jfer04 I=1.2 w=64.0 
j2115 608 550 00 jfet04 1=1.2 w=64.0 
j2116 0 550 608 0 jfet04 I=1.2 w=64.0 
52117 1 609 609 0 jfet16 l=1.2 w=6.0 
j2118 610 610 1 0 ifetl6 I= 1.2 w=6.0 
j2119 1 611 611 O jfetlo i=!.2 w=6.0 
j2120 612 612 1 0 jfetl6 l=. v=6.0 
j2121 1 483 483 0 jfetl6 i=1.2 w=6.0 
j2122 1 613 613 0 jfetl6 I=1.2 w=6.0 
j2123 614 614 1 0 jfetl6 l=1.2 w=6.0 
52124 1 615 615 0 jfetl6 I=1.2 w=6.0 
52125 616 616 1 0 jfetl6 I=1.2 w=6.0 
j2126 1 617 617 0 jfetl6 I=1.2 w=6.0 
j2127 618 618 1 0 jfetl6 l=1.2 w=6.0 
j2128 619 619 1 0 jfetl6 i=1.2 w=3.2 
52129 609 620 00 jfet04 1=1.2 w=48.0 
52130 0 620 609 0 jfet04 I=1.2 w=48.0 
j2131 610 553 00 jfet04 I=1.2 w=48.0 
j2132 0 553 6100 jfet04 1=1.2 w=48.0 
2133 611 243 0 0 jfet04 I= 1.2 w=48.0 
52134 0 243 611 0 jfet04 I= 1.2 w=48.0 
j2135 612 244 00 jfet04 I=1.2 w=48.0 
j2136 0 244 612 0 jfet04 I=1.2 w=48.0 
j2137 483 612 00 jfet04 I=1.2 w=48.0 
j2138 0 612 483 0 jfet04 i=1.2 w=48.0 
j2139 483 611 0 0 jfet04 I=1.2 w=48.0 
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j2140 0 611 483 0 jfet04 1=1.2 w=48.0 
52141 483 610 00 jfet04 l=1.2 w=48.0 
j2142 0 610 483 0 jfet04 1=1.2 w=48.0 
42143 483 609 0 0 jfet04 1=1.2 w=48.0 
52144 0 609 483 0 jfet04 l=1.2 w=48.0 
j2145 613 620 00 jfet04 l=1.2 w=48.0 
52146 0 620 613 0 jfet04 I= 1.2 w=48.0 
j2147 614 550 00 jfet04 I=1.2 w=48.0 
52148 0 550 614 0 jfe104 1=1.2 w=48.0 
42149 615 244 00 jfet04 I=1.2 w=48.0 
52150 0 244 615 0 jfet04 l=1.2 w=48.0 
j2151 616 243 00 jfet04 1=1.2 w=48.0 
j2152 0 243 616 0 jfet04 l=1.2 w=48.0 
52153 617 616 00 jfet04 1=1.2 w=48.0 
j2154 0 616 617 0 jfet04 I=1.2 w=48.0 
52155 617 615 00 jfet04 l=1.2 w=48.0 
j2156 0 615 617 0 jfet04 I=1.2 w=48.0 
j2157 617 614 00 jfe104 I=1.2 w=48.0 
j2158 0 614 617 0 jfet04 I=1.2 w=48.0 
j2159 617 613 00 jfet04 I=1.2 w=48.0 
52160 0 613 617 0 jfe104 l=1.2 w=48.0 
j2161 618 617 00 jfet04 1=1.2 w=48.0 
j2162 0 617 618 0 jfet04 I=1.2 w=48.0 
j2163 621 618 1 0 jfet04 l=1.2 w=20.0 
j2164 0 622 619 0 jfetl6 I=1.2 w=10.0 
j2165 623 619 1 0 jfetl6 l=1.2 w=20.0 
j2166 248 624 248 248 diol6 I=1.2 w=10.0 
j2167 622 621 622 248 diol6 I=1.2 w=4.0 
52168 622 248 248 0 jfet20 1=3.2 w=3.2 
j2169 625 623 625 248 diol6 1=1.2 w=20.0 
j2170 624 626 624 248 diol6 l=1.2 w=10.0 
j2171 248 248 507 0 jfet16 I=1.2 w=12.0 
j2172 626 627 626 248 diol6 I=1.2 w=10.0 
j2173 627 507 627 248 diol6 I=1.2 w=10.0 
j2174 507 625 507 248 diol6 l=1.2 w=20.0 
j2175 628 567 1 0 ifet04 1=1.2 w=48.0 
52176 0 563 628 0 jfet04 1=1.2 w=48.0 
j2177 567 563 00 jfet04 1=1.2 w=48.0 
j2178 0 601 568 0 jfe104 l=1.2 w=48.0 
j2179 568 602 0 0 jfet04 I=1.2 w=48.0 
52180 0 603 568 0 jfet04 I=1.2 w=48.0 
j2181 568 628 00 jfet04 I=1.2 w=48.0 
j2182 629 568 1 0 jfet04 I=1.2 w=48.0 
j2183 0 628 629 0 jfet04 1=1.2 w=48.0 
j2184 629 603 00 jfet04 I=1.2 w=48.0 
j2185 0 602 629 0 jfet04 I=1.2 w=48.0 
52186 629 601 00 jfet04 I=1.2 w=48.0 
j2187 1 630 6300 jfeti6 I=1.2 w=6.0 
j2188 631 631 1 0 jfetl6 l=1.2 w=6.0 
j2189 1 632 632 0 jfetl6 I=1.2 w=6.0 
52190 633 633 1 0 jfetl6 I=1.2 w=6.0 
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j2191 634 634 1 0 jfetl6 1=1.2 w=3.2 
42192 1 635 635 0 jfetl6 1=1.2 w=6.0 
52193 636 636 1 0 jfetl6 1=1.2 w=6.0 
52194 637 637 ! 0 jfetl6 1=1.2 w=6.0 
52195 638 638 1 0 jfetl6 l=1.2 w=6.0 
j2196 639 639 1 0 jfetl6 I=1.2 w=6.0 
52197 1 640 640 0 jfetl6 I=1.2 w=6.0 
j2198 641 641 1 0 jfetl6 I=1.2 w=6.0 
j2199 642 642 1 0 jfetl6 I=1.2 w=6.0 
52200 643 643 1 0 jfetl6 l=1.2 w=6.0 
52201 644 644 1 0 jfetl6 1=1.2 w=6.0 
42202 1 645 645 0 jfetl6 1=1.2 w=6.0 
52203 646 646 1 0 jfetl6 1=1.2 w=6.0 
52204 647 647 1 0 jfetl6 I=1.2 w=6.0 
52205 648 648 1 0 jfetl6 I=1.2 w=6.0 
52206 1 649 649 0 jfetl6 I=1.2 w=6.0 
j2207 650 650 1 0 jfetl6 I=1.2 w=6.0 
52208 586 472 0 0 jfet04 I=1.2 w=48.0 
52209 0 472 586 0 jfet04 I= 1.2 w=48.0 
j2210 587 651 00 jfet04 I=1.2 w=48.0 
j2211 0 651 587 0 jfet04 I=1.2 w=48.0 
52212 588 586 00 jfet04 I= 1.2 w=48.0 
42213 0 586 588 0 jfet04 l=1.2 w=48.0 
j2214 588 587 00 jfet04 I=1.2 w=48.0 
52215 0 587 588 0 jfet04 1=1.2 w=48.0 
j2216 589 513 00 jfet04 I= 1.2 w=48.0 
j2217 0 513 589 0 jfet04 I= 1.2 w=48.0 
j2218 590 651 00 jfet04 I=1.2 w=48.0 
52219 0 651 5900 jfet04 1=1.2 w=48.0 
j2220 591 589 00 jfew4 I=1.2 w=48.0 
j2221 0 589 591 0 jfet04 1=1.2 w=48.0 
j2222 591 590 00 jfet04 I=1.2 w=48.0 
j2223 0 590 591 0 jfet04 I=1.2 w=48.0 
j2224 635 652 00 jfet04 l=1.2 w=48.0 
42225 0 652 635 0 jfet04 1=1.2 w=48.0 
j2226 635 588 00 jfet04 I=1.2 w=48.0 
j2227 0 588 635 0 jfet04 1=1.2 w=48.0 
j2228 635 653 00 jfet04 I=1.2 w=48.0 
j2229 0 653 635 0 jfet04 I=1.2 w=48.0 
52230 636 635 00 jfet04 I=1.2 w=48.0 
52231 0 635 636 0 jfet04 I=1.2 w=48.0 
52232 637 636 00 jfet04 I=1.2 w=48.0 
52233 0 636 637 0 jfet04 I=1.2 w=48.0 
52234 638 481 00 jfet04 1=1.2 w=48.0 
52235 0 481 638 0 jfet04 I=1.2 w=48.0 
52236 639 654 00 jfet04 I=1.2 w=48.0 
52237 0 654 639 0 jfet04 1=1.2 w=48.0 
52238 640 639 00 jfet04 I=1.2 w=48.0 
52239 0 639 640 0 jfet04 I=1.2 w=48.0 
j2240 640 638 00 jfet04 I=1.2 w=43.0 
j2241 0 638 640 0 jfet04 !=1.2 w=48.0 
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52242 640 637 0 0 jfet04 1=1.2 w=48.0 
j2243 0 637 640 O jfet04 1=1.2 w=48.0 
j2244 641 640 0 0 jfet04 1=1.2 w=48.0 
j2245 0 640 641 0 jfet04 1=1.2 w=48.0 
j2246 642 481 00 jfet04 1=1.2 w=48.0 
j2247 0 481 642 O jfet04 1=1.2 w=48.0 
j2248 643 650 0 0 jfet04 l=1.2 w=48.0 
52249 0 650 643 0 jfet04 1=1.2 w=48.0 
j2250 644 297 0 0 jfer04 1=1.2 w=48.0 
j2251 0 297 644 O jfet04 1=1.2 w=48.0 
j2252 645 644 00 jfer04 I=1.2 w=48.0 
j2253 0 644 645 0 jfet04 I=1.2 w=48.0 
j2254 645 643 0 0 jfet04 1=1.2 w=48.0 
j2255 0 643 645 0 jfet04 1=1.2 w=48.0 
j2256 645 642 00 jfet04 1=1.2 w=48.0 
j2257 0 642 645 0 jfetO04 1=1.2 w=48.0 
j2258 646 645 00 jfet04 i=1.2 w=48.0 
j2259 0 645 646 0 jfet04 I=1.2 w=48.0 
j2260 647 646 0 0 jfet04 l=1.2 w=48.0 
j2261 0 646 647 0 jfet04 I=1.2 w=48.0 
j2262 648 641 0 0 jfet04 I=1.2 w=48.0 
j2263 0 641 648 0 jfet04 1=1.2 w=48.0 
j2264 649 648 0 0 jfet04 l=1.2 w=48.0 
j2265 0 648 649 0 jfet04 I=1.2 w=48.0 
j2266 649 647 00 jfex f=1.2 w=48.0 
j2267 0 647 649 0 jfet04 1=1.2 w=48.0 
j2268 650 649 0 0 jfet04 1=1.2 w=48.0 
j2269 0 649 650 0 jfet04 I=1.2 w=48.0 
j2270 595 655 1 0 jfet04 I=1.2 w=48.0 
j2271 0 656 595 0 jfet04 1=1.2 w=48.0 
j2272 655 656 0 0 jfet04 l=1.2 w=48.0 
j2273 0 657 656 O jfet04 1=1.2 w=48.0 
j2274 656 658 00 jfet04 t=1.2 w=48.0 
j2275 1 659 656 O jfet04 1=1.2 w=48.0 
j2276 0 658 659 0 jfet04 1=1.2 w=48.0 
j2277 659 657 0 0 jfet04 l=1.2 w=48.0 
j2278 655 655 | 0 jfeti6 l=1.2 w=3.2 
j2279 0 598 660 0 jfet04 1=1.2 w=48.0 
j2280 658 598 0 0 jfet04 l=1.2 w=48.0 
j2281 1 660 658 0 jfet04 1=1.2 w=48.0 
42282 657 661 1 O jfet04 l=1,.2 w=48.0 
j2283 0 662 657 O jfet04 I=1.2 w=48.0 
j2284 661 662 0 0 jfet04 I=1.2 w=48.0 
52285 663 584 662 0 jfet04 l=1.2 w=64.0 
j2286 662 584 663 0 jfet04 1=1.2 w=64.0 
J2287 663 584 662 0 jfet04 l=1.2 w=64.0 
j2288 0 585 663 0 jfet04 1l=1.2 w=64.0 
j2289 663 585 0 0 jfet04 l=1.2 w=64.0 
j2290 0 585 663 0 jfet04 1=1.2 w=64.0 
j2291 0.441 664 0 jfet04 l=1.2 w=48.0 
j2292 665 441 0.0 jfet04 1=1.2 w=48.0 











j2293 1 664 665 0 jfet04 I= 1.2 w=48.0 
52294 666 667 1 0 jfet04 I= 1.2 w=48.0 
42295 0.561 666 0 jfet04 I=1.2 w=48.0 
j2296 667 561 00 jfet04 I=1.2 w=48.0 
j2297 0 562 662 0 jfet04 1=1.2 w=48.0 
j2298 669 562 0 0 jfet04 I=1.2 w=48.0 
52299 1 668 669 0 jfet04 1=1.2 w=48.0 
52300 670 671 1 0 jfet04 I= 1.2 w=48.0 
52301 0.439 670 0 jfe104 I=1.2 w=48.0 
52302 671 439 00 jfet04 I=1.2 w=48.0 
52303 0 665 672 0 jfet04 1=1.2 w=48.0 
52304 672 666 00 jfet04 I= 1.2 w=48.0 
52305 0 669 672 0 jfet04 l= 1.2 w=48.0 
52306 672 670 0 0 jfet04 I= 1.2 w=48.0 
52307 673 672 10 jfet04 l=1.2 w=48.0 
52308 0 670 673 0 jfet04 I= 1.2 w=48.0 
52309 673 669 00 jfetO4 I=1.2 w=48.0 
}2310 0 666 673 0 jfet04 I=1.2 w=48.0 
j2311 673 665 0 0 jfet04 I= 1.2 w=48.0 
52312 630 629 0 0 jfet04 I=1.2 w=48.0 
52313 0 629 630 0 jfet04 1=1.2 w=48.0 
j2314 631 243 00 jfet04 I=1.? w=48.0 
j2315 0 243 631 0 jfet04 l=1.2 w=48.0 
52316 632 630 0 0 jfet04 I=1.2 w=48.0 
52317 0 630 632 0 jfet04 l=1.2 w=48.0 
j2318 632 631 00 jfet04 I= 1.2 w=48.0 
j2319 0 631 632 0 jfet04 l=1.2 w=48.0 
j2320 633 632 00 jfet04 I= 1.2 w=48.0 
52321 0 632 633 0 jfet04 l=1.2 w=48.0 
j2322 674 633 1 0 jfet04 I=1.2 w=20.0 
j2323 0 675 634 0 jfeti6 I=1.2 w=10.0 
j2324 676 634 1 0 jfetl6 I=1.2 w=20.0 
52325 248 677 248 248 diol6 I=1.2 w=10.0 
52326 675 674 675 248 diol6 l=1.2 w=4.0 
j2327 675 248 248 0 jfet20 1=3.2 w=3.2 
j2328 678 676 678 248 diol6 I=1.2 w=20.0 
j2329 677 679 677 248 diol6 l=1.2 w=10.0 
52330 248 248 194 0 jfet16 l=1.2 w=12.0 
j2331 679 680 679 248 diol6 I=1.2 w=10.0 
52332 680 194 680 248 diol6 l=1.2 w=10.0 
52333 194 678 194 248 diol6 I=1.2 w=20.0 
52334 1 664 664 0 jfetl6 I=1.2 w=3.2 
52335 667 667 1 0 jfetl6 1=1.2 w=3.2 
52336 1 668 668 0 jfeti6é 1=1.2 w=3.2 
52337 671 671 1 0 jfeti6 I=1.2 w=3.2 
j2338 672 672 10 jfetl6 l=1.2 w=3.2 
52339 659 659 1 0 jfetl6 I= 1.2 w=3.2 
j2340 1 660 660 0 jfetl6 l=1.2 w=3.2 

j2341 661 661 1 0 jfeti6 I= 1.2 w=3.2 
j2342 1 681 681 0 jfet!6 I=1.2 w=3.2 
52343 682 682 1 0 jfetl6 I=1.2 w=3.2 


j2344 1 683 683 0 jfetl6 1=1.2 w=3.2 

52345 684 684 | 0 jfetl6 I=1.2 w=3.2 

52346 1 685 685 0 jfetl6 i=1.2 w=3.2 

j2347 686 673 0 0 jfet04 1=1.2 w=48.0 
52348 0 673 686 0 jfetO4 1=1.2 w=48.0 
52349 687 243 00 jfet04 I=1.2 w=48.0 
52350 0 243 687 0 jfet04 I=1.2 w=48.0 
52351 688 686 0 0 jfet04 [=1.2 w=48.0 
j2352 0 686 688 0 jfet04 I=1.2 w=48.0 
52353 688 687 00 jfet04 i=1.2 w=48.0 
j2354 0 687 688 0 jfet04 I=1.2 w=48.0 
52355 689 688 00 jfet04 I=1.2 w=48.0 
j2356 0 688 689 0 jfet04 1=1.2 w=48.0 


52357 188 690 188 248 diol6 1=1.2 w=20.0 
j2358 691 188 691 248 diol6 l=1.2 w=10.0 


52359 627 253 00 jfet04 1=1.2 w=48.0 
j2360 0 253 620 0 jfet04 I=1.2 w=48.0 
j2361 692 253 00 jfet04 I=1.2 w=48.0 
j2362 0 253 692 0 jfet04 I=1.2 w=48.0 
j2363 693 553 00 jfet04 I=1.2 w=48.0 
52364 0 553 693 0 jfet04 I=1.2 w=48.0 
52365 694 243 00 jfet04 I=1.2 w=48.0 
52366 0 243 694 0 jfet04 I=1.2 w=48.0 
52367 695 244 00 jfet04 I=1.2 w=48.0 
}2368 0 244 695 0 jfet04 I=1.2 w=48.0 
52369 482 695 00 jfet04 I=1.2 w=48.0 
j2370 0 695 482 0 jfet04 I=1.2 w=48.0 
j2371 482 694 00 jfet04 1=1.2 w=48.0 
j2372 0 694 482 0 jfet04 I=1.2 w=48.0 
j2373 482 693 00 jfet04 I=1.2 w=48.0 
j2374 0 693 482 0 jfet04 I=1.2 w=48.0 
52375 482 692 00 jfet04 l= 1.2 w=48.0 
j2376 0 692 482 0 jfet04 I=1.2 w=48.0 
52377 696 253 00 jfe104 l=1.2 w=48.0 
52378 0 253 696 0 jfet04 I=1.2 w=48.0 
52379 697 550 00 jfet04 l=1.2 w=48.0 
j2380 0 550 697 0 jfet04 I=1.2 w=48.0 
j2381 698 244 00 jfet04 I=1.2 w=48.0 
52382 0 244 698 0 jfet04 I=1.2 w=48.0 
52383 699 243 0 0 jfet04 I=1.2 w=48.0 
j2384 0 243 699 0 jfet04 I=1.2 w=48.0 
52385 700 699 00 jfet04 I=1.2 w=48.0 
52386 0 699 700 0 jfet04 I=1.2 w=48.0 
j2387 700 698 0 0 jfet04 I=1.2 w=48.0 
j2388 0 698 700 0 jfet04 I=1.2 w=48.0 
j2389 700 697 00 jfet04 i=1.2 w=48.0 
52390 0 697 700 0 jfet04 I=1.2 w=48.0 
52391 700 696 0 0 jfet04 1=1.2 w=48.0 
j2392 0 696 700 0 jfet04 I=1.2 w=48.0 
j2393 701 700 00 jfet04 1=1.2 w=48.0 
52394 © 700 701 0 jfet04 I=1.2 w=48.0 
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j2395 462 702 462 248 diol6 1=1.2 w=20.0 
52396 703 462 703 248 diol6 !=1.2 w=10.0 


j2397 248 248 704 0 jfet20 1=3.2 w=3.2 


j2398 704 705 704 248 diol6 l=1.2 w=4.0 


j2399 248 248 706 0 jfet20 l=3.2 w=3.2 


j2400 706 707 706 248 dioi6é l=1.2 w=4.0 


52401 662 662 1 0 jfetl6 I=1.2 w=6.0 
j2402 1 708 708 0 jfetl6 I=1.2 w=6.0 
42403 1 709 709 0 jfetl6 l=1.2 w=6.0 
j2404 710 710 1 0 jfetl6 l=1.2 w=6.0 
52405 1 711 711 0 jfetl6 l=1.2 w=6.0 
j2406 1 712 712 0 jfetl6 i=1.2 w=6.0 
j2407 713 713 1 0 jfetl6 l=1.2 w=6.0 
52408 1 714 7140 jfetl6 i=1.2 w=6.0 
52409 1 715 715 0 jfetl6 l=1.2 w=6.0 
52410716 716 1 0 jfetl6 l=1.2 w=6.0 
j2411 717 717 1 Ojfeti6 i=1.2 w=6.0 
j2412 718 718 1 0 jfetl6 l=1,2 w=6.0 
52413 1 719 719 0 jfetl6 l=1.2 w=6.0 
j2414 439 439 1 0 jfetl6 l=1.2 w=6.0 
52415 720 512.00 jfet04 I=1.2 w=48.0 
j2416 0 512 7200 jfet04 l=1.2 w=48.0 
j2417 721 481 00 jfet04 l=1.2 w=48.0 
j2418 0 481 721 0 jfet04 I=1.2 w=48.0 
}2419 722 473 0.0 jfet04 l=1.2 w=48.0 
j2420 0 473 722 0 jfet04 I=1.2 w=48.0 
j2421 653 722 00 jfet04 I=1.2 w=48.0 
j2422 0 722 653 0 jfetO4 l=1.2 w=48.0 
j2423 653 721 00 jfet04 I=1.2 w=48.0 
j2424 0 721 653 0 jfet04 I=1.2 w=48.0 
52425 653 720 00 jfet04 l=1.2 w=48.0 
52426 0 720 653 0 jfet04 I=1.2 w=48.0 
j2427 723 297 0 0 jfet04 I=1.2 w=48.0 
j2428 0 297 723 0 jfet04 I=1.2 w=48.0 
52429 724 646 0 0 jfet04 I=1.2 w=48.0 
j2430 0 646 724 0 jfet04 I=1.2 w=48.0 
j2431 725 641 00 jfet04 [=1.2 w=48.0 
j2432 0 641 725 0 jfet04 l=1.2 w=48.0 
52433 726 725 0 0 jfet04 1=1.2 w=48.0 
52434 0 725 726 0 jfet04 1=1.2 w=48.0 
52435 726 724 0 0 jfet04 I=1.2 w=48.0 
52436 0 724 726 0 jfet04 1=1.2 w=48.0 
52437 726 723 0 0 jfet04 I=1.2 w=48.0 
j2438 0 723 726 0 jfet04 I=1.2 w=48.0 
52439 654 726 00 jfet04 l=1.2 w=48.0 
52440 0 726 654 0 jfet04 I=1.2 w=48.0 
52441 727 481 00 jfet04 I=1.2 w=48.0 
52442 0 481 727 0 jfet04 I= 1.2 w=48.0 
j2443 728 651 00 jfet04 i=1.2 w=48.0 
j2444 0 651 728 0 jfet04 I=1.2 w=48.0 
72445 729 654 00 jfet04 l=1.2 w=48.0 
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j2446 0 654 729 0 jfet04 1=1.2 w=48.0 
52447 730 729 00 jfet04 1=1.2 w=48.0 
j2448 0 729 730 0 jfetO4 1=1.2 w=48.0 
52449 730 728 0 0 jfet04 l=1.2 w=48.0 
j2450 0 728 730 0 jfet04 1=1.2 w=48.0 
j2451 730 727 00 jfet04 I=1.2 w=48.0 
52452. 0 727 730 0 jfet04 I=1.2 w=48.0 
j2453 473 730 0 0 jfet4 1=1.2 w=48.0 
52454 0 730 473 0 ifet04 1=1.2 w=48.0 
j2455 731 473 00 jfet04 I=1.2 w=48.0 
52456 0 473 731 0 jfet04 1=1.2 w=48.0 
j2457 732 646 0 0 jfet04 1=1.2 w=48.0 
j2458 0 646 732 0 jfet04 1=1.2 w=48.0 
j2459 733 732 00 jfet04 l=1.2 w=48.0 
j2460 0 732 733 0 jfet04 1=1,2 w=48.0 
j2461 733 731 00 jfet04 =1.2 w=48.0 
j2462 0 731 733 0 jfet04 1=1.2 w=48.0 
j2463 651 733 00 jfet04 I=1.2 w=48.0 
52464 0 733 651 O jfet04 le1.2 w=48.0 
52465 708 734 0 0 jfet04 1=1.2 w=48.0 
52466 0 734 708 0 jfet04 1=1.2 w=48.0 
j2467 709 253 00 jfet04 1=1.2 w=48.0 
52468 0 253 709 0 jfet04 l=1.2 w=48.0 
j2469 710 595 00 jfet04 I=1.2 w=48.0 
52470 0 595 7100 jfet04 I=1.2 w=48.0 
j2471 711 709 00 jfet04 1=1.2 w=48.0 
j2472.0 709 711 0 jfet04 I=1.2 w=48.0 
52473 711 710 00 jfet04 1=1.2 w=48.0 
52474 0 710711 0 jfet04 I=1.2 w=48.0 
j2A75 712 253 00 jfet04 I=1.2 w=48.0 
52476 0 253 712 0 jfet04 1=1.2 w=48.0 
52477 713 512 00 jfet04 1=1.2 w=48.0 
j2478 0 512 713 0 jfet04 1=1.2 w=48.0 
j2A79 714 712 00 jfet04 I=1.2 w=48.0 
52480 0 712 714 0 jfet04 1=1.2 w=48.0 
j2481 714 713 00 jfet04 I=1.2 w=48.0 
j2482 0 713 714 0 jfet04 I=1.2 w=48.0 
j2483 715 598 00 jfet04 I=1.2 w=48.0 
52484 0 598 715 0 jfet04 I=1.2 w=48.0 
j2485 716 708 0 0 jfet04 1=1.2 w=48.0 
52486 0 708 716 0 jfet04 I=1.2 w=48.0 
j2487 717 512.00 jfet04 I=1.2 w=48.0 
52488 0 512 717 0 itet04 = 1.2 w=48.0 
j2489 718 717 00 jfet04 1=1.2 w=48.0 
52490 0 717 718 0 jfet04 [=1.2 w=48.0 
j2491 718 716 00 jfet04 1=1.2 w=48.0 
j2492 0 716 718 0 jfet04 l=1.2 w=48.0 
52493 718 715 00 jfet04 1=1.2 w=48.0 
j2494 0 715 718 0 jfet04 [=1.2 w=48.0 
j2495 719 718 0 0 jfet04 l=1.2 w=48.0 
j2496 0 718 719 0 jfet04 l=1.2 w=48.0 
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j2498 0 714 719 0 jfet04 1=1.2 w=48.0 
52499 719 711 00 jfet04 I=1.2 w=48.0 
52500 0 711 719 0 jfet04 I= 1.2 w=48.0 
52501 439 719 00 jfet04 I=1.2 w=48.0 
j2502 0 719 439 0 jfet04 I=1.2 w=48.0 
j2503 0 441 681 0 jfet04 I=1.2 w=48.0 
j2504 735 441 00 jfet04 I=1.2 w=48.0 
52505 1 681 735 0 jfet04 I=1.2 w=48.0 
j2506 736 682 1 0 jfet04 l=1.2 w=48.0 
j2507 0 561 736 0 jfet04 1=1.2 w=48.0 
j2508 682 561 00 jfet04 I=1.2 w=48.0 
52509 0 600 683 0 jfet04 I= 1.2 w=48.0 
j2510 737 600 0 0 jfet04 I=1.2 w=48.0 
j2511 1 683 737 0 jfet04 1=1.2 w=48.0 
j2512 738 684 | 0 jfet04 I=1.2 w=48.0 
j2513 0 563 738 0 jfet04 I=1.2 w=48.0 
j2514 684 563 00 jfet04 I=1.2 w=48.0 
j2515 0 735 685 0 jfet04 1=1.2 w=48.0 
52516 685 736 00 jfet04 I=1.2 w=48.0 
52517 0 737 685 0 jfet04 1=1.2 w=48.0 
52518 685 738 00 jfet04 l=1.2 w=48.0 
j2519 739 685 1 0 jic.04 I=1.2 w=48.0 
52520 0 738 739 0 jfet04 1=1.2 w=48.0 
52521 739 737 00 jfet04 I=1.2 w=48.0 
52522 0 736 739 0 jfet04 1=1.2 w=48.0 
52523 739 735 00 jfet04 I=1.2 w=48.0 
52524 707 689 1 0 jfet04 I=1.2 w=20.0 
52525 690 740 690 248 dio16 I=1.2 w=20.0 
52526 248 248 188 0 jfet16 l=1.2 w=12.0 
52527 620 620 1 0 jfetl6 1=1.2 w=6.0 
j2528 1 692 692 0 jfetl6 I=1.2 w=5.0 
52529 693 693 1 0 jfetl6 I=1.2 w=6.0 
j2530 1 694 694 0 jfetl6 I=1.2 w=6.0 
52531 695 695 1 0 jfetl6 I=1.2 w=6.0 
52532 705 701 1 0 jfet04 i=1.2 w=20.0 
52533 702 741 702 248 diol6 1=1.2 w=20.0 
j2534 248 248 462 0 jfet16 1=1.2 w=12.0 
52535 742 703 742 248 diol6 I=1.2 w=10.0 
j2536 482 482 1 0 jfetl6 I=1.2 w=6.0 
52537 1 696 696 0 jfetl6 1=1.2 w=6.0 
j2538 697 697 1 0 jfetl6 I=1.2 w=6.0 
42539 1 698 698 0 jfetl6 1=1.2 w=6.0 
j2540 699 699 1 0 jfetl6 I=1.2 w=6.0 
j2541 700 700 1 0 jfetl6 1=1.2 w=6.0 
j2542 701 701 1 0 jfetl6 l=1.2 w=6.0 
j2543 743 743 1 0 jfetl6 I=1.2 w=3.2 
j2544 0 704 743 0 jfetl6 I=1.2 w=10.0 
j2545 741 743 1 0 jfetl6 t=1.2 w=20.0 
j2546 744 742 744 248 diol6 I=1.2 w=10.0 
j2547 248 744 248 248 diol6 I=1.2 w=10.0 


@ j2497 719 714 00 jfet04 l=1.2 w=48.0 





j2548 745 691 745 248 diol6 I=1.2 w=10.0 
52549 t 746 746 0 jfeti6 I=1.2 w=6.0 
52550 747 747 1 0 jfeti6 l=1.2 w=6.0 
52551 1 748 748 0 jfetl6 I=1.2 w=6.0 
52552 749 749 1 0 jfetl6 l=1.2 w=6.0 
52553 1 686 686 0 jfetl6 I=1.2 w=6.0 
j2554 687 687 1 0 jfetl6 l=1.2 w=6.0 
j2555 1 688 688 0 jfetl6 I=1.2 w=6.0 
52556 689 689 1 0 jfet!6 l=1.2 w=6.0 
42557 750 750 1 0 jfetl6 l=1.2 w=3.2 
j2558 0 706 750 0 jfetl6 I=1.2 w=10.0 
42559 740 750 1 0 jfetl6 1=1.2 w=20.0 
j2560 751 745 751 248 diol6 I=1.2 w=10.0 
52561 1 752 752 0 jfetl6 I=1.2 w=6.0 
42562 1 753 753 0 jfetl6 l=1.2 w=6.0 
j2563 754 754 1 0 jfetl6 I=1.2 w=6.0 
42564 1 755 755 0 jfetl6 I=1.2 w=6.0 
j2565 756 756 1 0 jfetl6 l=1.2 w=6.0 
42566 1 757 757 0 jfetl6 I=1.2 w=6.0 
52567 1 758 758 0 jfetl6 1=1.2 w=6.0 
52568 759 759 1 0 jfetl6 1=1.2 w=6.0 
j2569 1 760 7600 jfetl6 1=1.2 w=6.0 
42570 761 761 1 0 jfetl6 I=1.2 w=6.0 
j2571 1 762 762.0 jfeti6 1=1.2 w=6.0 
j2572 1 763 763 0 jfetl6 l=1.2 w=6.0 
j2573 764 764 1 0 jfetl6 l=1.2 w=6.0 
52574 1 765 765 0 jfetl6 l=1.2 w=6.0 
52575 766 766 1 0 jfetl6 1=1.2 w=6.0 
j2576 1 767 767 0 jfetl6 l=1.2 w=6.0 
52577 248 751 248 248 diol6 I=1.2 w=10.0 
52578 1 768 768 0 jfetl6 l=1.2 w=6.0 
52579 769 769 1 0 jfetl6 i=1.2 w=6.0 
52580 1 770 770 0 jfetl6 I=1.2 w=6.0 
j2581 771 771 1 0 jfetl6 I=1.2 w=6.0 
52582 772 772 1 0 jfetl6 I=1.2 w=3.2 
52583 768 739 0 0 jfet04 I=1.2 w=48.0 
52584 0 739 768 0 jfet04 I=1.2 w=48.0 
j2585 769 243 00 jfet04 I=1.2 w=48.0 
52586 0 243 769 0 jfet04 I=1.2 w=48.0 
j2587 770 768 0 0 jfet04 1=1.2 w=48.0 
j2588 0 768 770 0 jfet04 I=1.2 w=48.0 
52589 770 769 0 0 jfet04 1=1.2 w=48.0 
}2590 0 769 770 0 jfet04 I= 1.2 w=48.0 
j2591 771 770 00 jfet04 I=1.2 w=48.0 
j2592 0770 771 0 jfet04 I=1.2 w=48.0 
52593 773 771 1 0 jfet04 [=1.2 w=20.0 
52594 0 774 7720 jfetl6 !=1.2 w=10.0 
j2595 775 772 1 0 jfetl6 1=1.2 w=20.0 
j2596 248 776 248 248 diol6 I=1.2 w=10.0 
j2597 774 773 774 248 diol6 l=1.2 w=4.0 
j2598 774 248 248 0 jfet20 [=3.2 w=3.2 
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j2599 777 775 777 248 diol6 1=1.2 w=20.0 
j2600 776 778 776 248 diol6 1=1.2 w=10.0 
52601 746 779 0 0 jfet04 1=1.2 w=48.0 
j2602 0 779 746 0 jfet04 l=1.2 w=48.0 
j2603 747 169 0 0 jfetO4 I=1.2 w=48.0 
}2604 0 169 747 0 jfet04 l=1.2 w=48.0 
52605 748 780 0 0 jfet04 I=1.2 w=48.0 
52606 0 780 748 0 jfet04 I=1.2 w=48.0 
52607 749 781 00 jfet04 I=1.2 w=48.0 
52608 0 781 749 0 jfet04 l=1.2 w=48.0 
j2609 752 749 00 jfet04 I=1.2 w=48.0 
52610 0 749 752 0 jfet04 l=1.2 w=48.0 
j2611 752 748 00 jfet04 I= 1.2 w=48.0 
52612 0 748 752 0 jfet04 1=1.2 w=48.0 
j2613 752 747 0 0 jfet04 I=1.2 w=48.0 
52614 0 747 752 0 jfet04 I=1.2 w=48.0 
52615 752 746 00 jfet04 1=1.2 w=48.0 
52616 0 746 752 0 jfet04 I=1.2 w=48.0 
}2617 753 782.0 0 jfet04 I=1.2 w=48.0 
52618 0 782 753 0 jfet04 1=1.2 w=48.0 
j2619 754 783 0 0 jtet04 1=1.2 w=48.0 
j2620 0 783 754 0 jfet04 I=1.2 w=48.0 
j2621 755 784 0 0 jfet04 I=1.2 w=48.0 
52622 0 784 755 0 jfet04 l=1.2 w=48.0 
j2623 756 175 00 jfet04 I=1.2 w=48.0 
52624 0 175 756 0 jfet04 1=1.2 w=48.0 
j2625 757 756 0 0 jfet04 I=1.2 w=48.0 
j2626 0 756 757 0 jtet04 i=1.2 w=48.0 
j2627 757 755 00 jfet04 I=1.2 w=48.0 
j2628 0 755 757 0 jfet04 I= 1.2 w=48.0 
j2629 757 754 00 jfet04 I=1.2 w=48.0 
}2630 0 754 757 0 jfet04 l=1.2 w=48.0 
j2631 757 753 00 jfet04 I=1.2 w=48.0 
j2632 0 753 757 0 jfet04 l=1.2 w=48.0 
j2633 758 779 0 0 jfet04 I=1.2 w=48.0 
j2634 0 779 758 0 jfet04 I=1.2 w=48.0 
j2635 759 784 00 jfet04 I=1.2 w=48.0 
j2636 0 784 759 0 jfet04 I=1.2 w=48.0 
j2637 760 175 00 jfet04 I=1.2 w=48.0 
j2638 0 175 760 0 jfet04 I=1.2 w=48.0 
j2639 761 782 00 jfet04 l=1.2 w=48.0 
j2640 0 782 761 0 jfet04 I=1.2 w=48.0 
j2641 762 761 00 jfet04 l=1.2 w=48.0 
j2642 0 761 762 0 jfet04 l=1.2 w=48.0 
j2643 762 760 0 0 jfet04 1=1.2 w=48.0 
52644 0 760 762 0 jfet04 1=1.2 w=48.0 
j2645 762 759 00 jfet04 [=1.2 w=48.0 
52646 0 759 762 0 jfet04 I=1.2 w=48.0 
j2647 762 758 00 jfet04 I=1.2 w=48.0 
j2648 0 758 762 0 jfet04 I=1.2 w=48.0 
j2649 763 779 00 jfet04 I=1.2 w=48.0 








j2650 0 779 763 0 jfet4 1=1.2 w=48.0 

52651 764 784 00 jfet04 i=1.2 w=48.0 & 
j2652 0 784 764 0 jfet04 I=1.2 w=48.0 

j2653 765 169 00 jfet04 I=1.2 w=48.0 
j2654 0 169 765 0 jfet04 I=1.2 w=48.0 
52655 766 781 0.0 jfet04 I=1.2 w=48.0 
j2656 0 781 766 0 jfet04 1=1.2 w=48.0 
52657 767 766 00 jfet04 I=1.2 w=48.0 
52658 0 766 767 0 jfet04 I=1.2 w=48.0 
j2659 767 765 00 jfet4 1l=1.2 w=48.0 
j2660 0 765 767 0 jfet04 1=1.2 w=48.0 
52661 767 764 0 0 jfet04 l=1.2 w=48.0 
j2662 0 764 767 0 jfet04 I=1.2 w=48.0 
j2663 767 763 00 jfet04 i=1.2 w=48.0 
52664 0 763 767 0 jfet04 I=1.2 w=48.0 
j2665 248 248 205 0 jfetié t=1.2 w=12.0 
j2666 778 785 778 248 diol6 1=1.2 w=10.0 
j2667 785 205 785 248 diol6 l=1.2 w=10.0 
j2668 176 177 786 0 jfetl6 l=1.2 w=3.2 
j2669 205 777 205 248 diol6 l=1.2 w=20.0 
j2670 779 179 787 0 jfetl6 l=1.2 w=8.0 
j2671 788 182 779 0 jfetl6 I=1.2 w=8.0 
j2672 786 183 779 O jfeti6 I=1.2 w=8.0 
42673 1 720 7200 jfet16 I=1.2 w=6.0 
}2674 721 721 1 O jfetl6 1=1.2 w=6.0 
j2675 722 722 1 0 jfetl6 1=1.2 w=6.0 
j2676 653 653 1 0 jietl6 1=1.2 w=6.0 
j2677 723 723 1 0 jfetl6 1=1.2 w=6.0 
j2678 724 724 1 O jfetl6 1=1.2 w=6.0 
j2679 725 725 1 0 jfetl6 1=1.2 w=6.0 
j2680 726 726 1 0 jfet16 I=1.2 w=6.0 
j2681 654 654 1 0 jfetl6 I=1.2 w=6.0 
j2682 727 727 1 0 jfetl6 I=1.2 w=6.0 
j2683 728 728 1 0 jfetl6 I= 1.2 w=6.0 
52684 729 729 1 0 jfetl6 1=1.2 w=6.0 
52685 730 730 1 0 jfetl6 I=1.2 w=6.0 
j2686 473 473 1 0 jfetl6 I=1.2 w=6.0 
j2687 1 789 779 0 jfetl6 1=1.2 w=62.0 
j2688 731 731 1 0 jfetl6 1=1.2 w=6.0 
j2689 732 732 1 0 jfetl6 l=1.2 w=6.0 
j2690 733 733 1 0 jfetl6 1=1.2 w=6.0 
j2691 651 651 10 jfetl6 l=1.2 w=6.0 
j2692 185 177 779 0 jfetl6 l=1.2 w=6.0 
j2693 790 187 779 0 jfetl6 l=1.2 w=8.0 
j2694 779 789 1 0 jfetl6 I=1.2 w=62.0 
52695 1 791 791 0 jfetl6 l=1.2 w=6.0 
j2696 792 792 1 0 jfetl6 l=1.2 w=6.0 
j2697 1 793 793 0 jfetl6 1=1.2 w=6.0 
j2698 1 794 794 0 jfetl6 1=1.2 w=6.0 
j2699 795 795 10 jfeti6 I=1.2 w=6.0 
j2700 1 796 796 0 jfeti6 I=1.2 w=6.0 





j2701 1 797 797 0 jfetl6 1=1.2 w=6.0 
j2702 798 798 1 0 jfetl6 i=1.2 w=6.0 
j2703 1 799-799 0 jfetl6 I=1.2 w=6.0 
52704 1 800 800 0 jfetl6 1=1.2 w=6.0 
j2705 801 801 1 0 jfetl6 1=1.2 w=6.0 
52706 802 802 1 0 jfeti6 I=1.2 w=6.0 
52707 803 803 1 0 jfetl6 1=1.2 w=6.0 
42708 804 804 1 0 jfetl6 I=1.2 w=6.0 
42709 1 805 805 0 jfetl6 I=1.2 w=6.0 
52710 806 806 1 0 jfetl6 1=1.2 w=6.0 
52711 807 807 1 0 jfetl6 1=1.2 w=6.0 
42712 808 808 1 0 jfetl6 I=1.2 w=6.0 
42713 809 809 1 0 jfetl6 1=1.2 w=6.0 
j2714 1 810 8100 jfett6 I=1.2 w=6.0 
}2715 811 811 1 0 jfetl6 I=1.2 w=6.0 
52716 812 812 1 0 jfetl6 1=1.2 w=6.0 
52717 813 813 1 0 jfetl6 l=1.2 w=6.0 
j2718 1 814 814 0 jfetl6 I=1.2 w=6.0 
52719 815 815 10 jfetl6 l=1.2 w=6.0 
j2720 791 472 00 jfet04 l=1.2 w=48.0 
j2721 0.472 791 0 jfet04 1=1.2 w=48.0 
52722 792 816 00 jfet04 l=1.2 w=48.0 
42723 0 816 792 0 jfet04 1=1.2 w=48.0 
52724 793 791 00 jfet04 I=1.2 w=48.0 
52725 0791 793 0 jfet04 I=1.2 w=48.0 
52726 793 792 00 jfet04 1=1.2 w=48.0 
52727 0 792 793 0 jfet04 1=1.2 w=48.0 
52728 794 473 0 0 jfet04 1=1.2 w=48.0 
j2729 0 473 794 0 jfet04 1=1.2 w=48.0 
52730 795 816 00 jfet04 1=1.2 w=48.0 
52731 0 816 795 0 jfet04 1=1.2 w=48.0 
j2732 796 794 0 0 jfet04 1=1.2 w=48.0 
52733 0 794 796 0 ifet04 1=1.2 w=48.0 
52734 796 795 0 0 jfet04 1=1.2 w=48.0 
52735 0 795 796 0 jfet04 l=1.2 w=48.0 
j2736 797 513 00 jfet04 l=1.2 w=48.0 
52737 0 513 797 0 jfet04 l=1.2 w=48.0 
52738 798 816 00 jfet04 I=1.2 w=48.0 
j2739 0 816 798 0 jfet04 1=1.2 w=48.0 
j2740 799 797 0 0 jfet04 I=1.2 w=48,0 
j2741 0 797 799 0 jfet04 I=1.2 w=48.0 
j2742 799 798 00 jfet04 l=1.2 w=48.0 
52743 0 798 799 0 jfet04 I= 1.2 w=48.0 
j2744 800 799 0 0 jfet04 I=1.2 w=48.0 
52745 0 799 800 0 jfet04 I=1.2 w=48.0 
j2746 800 796 0 0 jfet04 I=1.2 w=48.0 
j2747 0 796 800 0 jfet04 l= 1.2 w=48.0 
j2748 800 793 00 jfet04 [= 1.2 w=48.0 
j2749 0 793 800 0 jfet04 I=1.2 w=48.0 
52750 800 817 0 0 jfet04 I=1.2 w=48.0 
j2751 0 817 800 0 jfet04 I= 1.2 w=48.0 
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j2752 801 800 0 0 jfet04 l=1.2 w=48.0 
52753 0 800 801 0 jfet04 1=1.2 w=48.0 
42754 802 801 00 jfet04 l=1.2 w=48.0 
}2755 0 801 802 0 jfet04 1=1.2 w=48.0 
52756 803 481 00 jfet04 I=1.2 w=48.0 
j2757 0 481 803 0 jfet04 I= 1.2 w=48.0 
j2758 804 818 00 jfet04 I=1.2 w=48.0 
52759 0 818 804 0 jfet04 I=1.2 w=48.0 
52760 805 804 0 0 jfet04 1=1.2 w=48.0 
52761 0 804 805 0 jfet04 I=1.2 w=48.0 
j2762 805 803 00 jfet04 l=1.2 w=48.0 
j2763 0 803 805 0 jfet04 I=1.2 w=48.0 
j2764 805 802 00 jfet04 I=1.2 w=48.0 
j2765 0 802 805 0 jfet04 1=1.2 w=48.0 
52766 806 805 00 jfet04 1=1.2 w=48.0 
32767 0 805 806 0 jfet04 I=1.2 w=48.0 
j2768 807 481 00 jfet04 l=1.2 w=48.0 
52769 0 481 807 0 jfet04 1=1.2 w=48.0 
j2770 808 815 00 jfet04 I=1.2 w=48.0 
j2771 0 815 808 0 jfet04 1=1.2 w=48.0 
j2772 809 297 0 0 jfet04 l=1.2 w=48.0 
52773 0 297 809 0 jfet04 l=1.2 w=48.0 
52774 810 809 0 0 jfet04 l=1.2 w=48.0 
j2775 0 809 8100 jfet04 l=1.2 w=48.0 
j2776 810 808 0 0 jfet04 I=1.2 w=48.0 
j2777 0 808 810 0 jfet04 1=1.2 w=48.0 
52778 810 807 00 jfet04 1=1.2 w=48.0 
j2779 0 807 8100 jfet04 I=1.2 w=48.0 
j2780 811 810 00 jfet04 I=1.2 w=48.0 
j2781 0 810 811 0 jfet04 I= 1.2 w=48.0 
j2782 812 811 00 jfet04 l=1.2 w=48.0 
j2783 0 811 812 0 jfet04 I= 1.2 w=48.0 
j2784 813 806 00 jfet04 1=1.2 w=48.0 
52785 0 806 813 0 jfet04 1=1.2 w=48.0 
j2786 814 813 00 jfet04 1=1.2 w=48.0 
}2787 0 813 814 0 jfet04 I=1.2 w=48.0 
j2788 814 812 00 jfet04 I=1.2 w=48.0 
j2789 0 812 814 0 jfet04 l= 1.2 w=48.0 
52790 815 814 00 jfet04 1=1.2 w=48.0 
j2791 0 814 815 0 jfet04 l=1.2 w=48.0 
52792 819 820 0 0 jfet04 l=1.2 w=48.0 
}2793 0 820 819 0 jfet04 I=1.2 w=48.0 
52794 821 822 00 jfet04 l=1.2 w=48.0 
42795 0 822 821 0 jfet04 1=1.2 w=48.0 
52796 823 595 00 jfet04 1=1.2 w=48.0 
52797 0 595 823 0 jfet04 I= 1.2 w=48.0 
j2798 824 821 00 jfet04 l=1.2 w=48.0 
52799 0 821 824 0 jfet04 l= 1.2 w=48.0 
52800 824 823 00 jfet04 l= 1.2 w=48.0 
}2801 0 823 824 0 jfet04 1=1.2 w=48.0 
42802 825 822 00 jfet04 I=1.2 w=48.0 
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j2803 0 822 825 0 jfet04 t=1.2 w=48.0 
j2804 826 651 00 jfet04 1=1.2 w=48.0 
52805 0 651 826 0 jfet04 i=1.2 w=48.0 
j2806 827 825 0 0 jfet04 i=1.2 w=48.0 
j2807 0 825 827 0 jfet04 i=1.2 w=48.0 
j2808 827 826 00 jfet04 1=1.2 w=48.0 
52809 0 826 827 0 jfet04 I=1.2 w=48.0 
32810 828 819 00 jfet04 I=1.2 w=48.0 
52811 0 819 828 0 jfet04 1=1.2 w=48.0 
52812 829 598 00 jfet04 I=1.2 w=48.0 
j2313 0 598 829 0 jfet04 I=1.2 w=48.0 
}2814 830 651 00 jfet04 I=1.2 w=48.0 
52815 0 651 830 0 jfet04 l=1.2 w=48.0 
j2816 831 830 00 jfet04 I=1.2 w=48.0 
j2817 0 830 831 0 jfet04 1=1.2 w=48.0 
j2818 831 829 00 jfet04 I=1.2 w=48.0 
52819 0 829 831 O jfet04 I=1.2 w=48.0 
j2820 831 828 00 jfet04 i=1.2 w=48.0 
52821 0 828 831 0 jfet04 I=1.2 w=48.0 
52822 832 831 00 jfet04 I=1.2 w=48.0 
j2823 0 831 832 0 jfet04 I=1.2 w=48.0 
52824 832 827 00 jfet04 1=1.2 w=48.0 
j2825 0 827 832 0 jfet04 I=1.2 w=48.0 
j2826 832 824 00 jfet04 l=1.2 w=48.0 
j2827 0 824 832 0 jfet04 I=1.2 w=48.0 
52828 600 832 00 jfet04 1=1.2 w=48.0 
52829 0 832 600 0 jfet04 I=1.2 w=48.0 
52830 0 441 833 0 jfet04 I=1.2 w=48.0 
j2831 834 441 00 jfet04 I=1.2 w=48.0 
42832 1 833 834 0 jfet04 I=1.2 w=48.0 
}2833 835 836 1 O jfet04 1=1.2 w=48.0 
j2834 0 561 835 0 jfet04 I=1.2 w=48.0 
j2835 836 561 00 jfetO4 I=1.2 w=48.0 
j2836 0 600 837 0 jfet04 I=1.2 w=48.0 
j2837 838 600 00 jfet04 1=1.2 w=48.0 
j2838 1 837 838 0 jfet04 I=1.2 w=48.0 
j2839 839 840 | 0 jfet04 I=1.2 w=48.0 
52840 0 439 839 0 jfet04 I=1.2 w=48.0 
52841 840 439 00 jfet04 I=1.2 w=48.0 
j2842 0 834 841 0 jfet04 I=1.2 w=48.0 
j2843 841 835 00 jfet04 I=1.2 w=48.0 
52844 0 838 841 0 jfet04 I=1.2 w=48.0 
}2845 841 839.00 jfet04 l=1.2 w=48.0 
32846 842 841 1 0 jfet04 1=1.2 w=48.0 
j2847 0 839 842 0 jfet04 I=1.2 w=48.0 
52848 842 838 0 0 jfet04 1=1.2 w=48.0 
52849 0 835 842 0 jfet04 I=1.2 w=48.0 
52850 842 834 0 0 jfet04 1=1.2 w=48.0 
j2851 843 842 00 jfet04 l= 1.2 w=48.0 
j2852 0 842 843 0 jfet04 I=1.2 w=48.0 
52853 844 243 00 jfet04 I=1.2 w=48.0 
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52854 0 243 844 0 jfet04 I=1.2 w=48.0 
j2855 845 843 00 jfet04 l=1.2 w=48.0 
j2856 0 843 845 0 jfet04 I=1.2 w=48.0 
52857 845 844 00 jfet04 I=1.2 w=48.0 
52858 0 844 845 0 jfet04 I=1.2 w=48.0 
52859 846 845 00 jfet04 1=1.2 w=48.0 
52860 0 845 846 0 jfet04 I=1.2 w=48.0 
52861 187 847 187 248 diol6 I=1.2 w=20.0 
j2862 845 187 848 248 diol6 I=1.2 w=10.0 
52863 779 188 849 0 jfet16 1=1.2 w=8.0 
j2864 1 789 779 0 jfetl6 1=1.2 w=62.0 
52865 248 248 850 0 jfet20 1=3.2 w=3.2 
j2866 850 85i 850 248 diol6 I=1.2 w=4.0 
52867 851 846 1 O jfet04 1=1.2 w=20.0 
52868 847 852 847 248 diol6 I=1.2 w=20.0 
j2869 248 248 187 0 jfetl6 1=1.2 w=12.0 
52870 779 853 00 jfet04 I=1.2 w=6.0 
52871 779 784 00 jfet04 1=1.2 w=70.0 
52872 854 848 854 248 diol6 I=1.2 w=10.0 
52873 0 784 779 0 jfet04 I=1.2 w=70.0 
j2874 1 833 833 0 jfetl6 I=1.2 w=3.2 
j2875 836 836 1 0 jfetl6 I=1.2 w=3.2 
j2876 1 837 837 0 jfetl6 l=1.2 w=3.2 
52877 840 840 1 0 jfeti6 I=1.2 w=3.2 
52878 841 841 1 0 jfetl6 I=1.2 w=3.2 
52879 1 843 843 0 jfetl6 I=1.2 w=6.0 
52880 844 844 1 0 jfetl6 I=1.2 w=6.0 
52881 1 845 845 0 jfetl6 I=1.2 w=6.0 
j2882 846 846 1 0 jfetl6 I=1.2 w=6.0 
j2883 855 855 1 0 jfeti6 i=1.2 w=3.2 
j2884 0 850 855 0 jfetl6 I=1.2 w=10.0 
j2885 852 855 | 0 jfetl6 I=1.2 w=20.0 
j2886 856 854 856 248 diol6 I=1.2 w=10.0 
j2887 1 191 779 0 jfetl6 l=1.2 w=9.2 
j2888 779 784 00 jfet04 I=1.2 w=70.0 
j2889 779 177 784 0 jfeti6 l=1.2 w=17.2 
42890 0 779 784 0 jfet04 I=1.2 w=70.0 
52891 248 856 248 248 diol6 l=1.2 w=10.0 
j2892 784 779 00 jfet04 I=1.2 w=70.0 
j2893 1 191 784 0 jfetl6 I=1.2 w=9.2 
52894 0 857 784 0 jfet04 I=1.2 w=6.0 
j2895 0 779 784 0 jfet04 1=1.2 w=70.0 
j2896 1 858 858 0 jfetl6 I=1.2 w=3.2 
52897 859 859 1 O jfetl6 I=1.2 w=3.2 
52898 1 860 860 0 jfetl6 I=1.2 w=3.2 
52899 861 861 1 0 jfetl6 l=1.2 w=3.2 
42900 1 862 862 0 jfetl6 t=1.2 w=3.2 
j2901 819 819 1 0 jfetl6 I=1.2 w=6.0 
42902 1 821 821 0 jfeti6 I=1.2 w=6.0 
j2903 823 823 1 0 jfeti6 l=1.2 w=6.0 
j2904 | 824 824 0 jfetl6 I=1.2 w=6.0 
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j2905 1 825 825 0 jfetl6 l=1.2 w=6.0 
52906 826 826 1 0 jfetl6 I=1.2 w=6.0 
52907 1 827 827 0 jfetl6 I=1.2 w=6.0 
52908 1 828 828 0 jfetl6 I=1.2 w=6.0 
j2909 829 829 1 0 jfetl6 l=1.2 w=6.0 
52910 830 830 1 0 jfetl6 1=1.2 w=6.0 
j2911 831 831 1 0 jfetl6 l=1.2 w=6.0 
52912 1 832 832 0 jfeti6 I=1.2 w=6.0 
52913 600 600 1 0 jfetl6 I=1.2 w=6.0 
52914 1 863 863 0 jfetl6 I=1.2 w=6.0 
52915 1 864 864 0 jfetl6 1=1.2 w=6.0 
j2916 865 865 1 0 jfetl6 I=1.2 w=6.0 
j2917 1 866 86 0 jfetl6 1=1.2 w=6.0 
j2918 1 867 867 0 jfetl6 l=1.2 w=6.0 
72919 868 868 1 0 jfetl6 I=1.2 w=6.0 
42920 1 869 869 0 jfetl6 1=1.2 w=6.0 
j2921 870 651 00 jfet04 I=1.2 w=48.0 
j2922 0 651 870 0 jfet04 1=1.2 w=48.0 
j2923 871 512.00 jfet04 I=1.2 w=48.0 
52924 0 512 871 0 jfet04 I=1.2 w=48.0 
j2925 872 481 00 jfet04 1=1.2 w=48.0 
52926 0 481 872 0 jfet04 I=1.2 w=48.0 
j2927 873 467 00 jfet04 l=1.2 w=48.0 
52928 0 467 873 0 jfet04 l=1.2 w=48.0 
52929 817 873 00 jfet04 1=1.2 w=48.6 
52930 0 873 817 0 jfet04 I=1.2 w=48.0 
52931 817 872 00 jfet04 I=1.2 w=48.0 
52932 0 872 817 0 jfet04 I=1.2 w=48.0 
52933 817 871 00 jfet04 i=1.2 w=48.0 
52934 0 871 817 0 jfet04 1=1.2 w=48.0 
52935 817 870 00 jfet04 I=1.2 w=48.0 
52936 0 870 817 9 jfet04 l=1.2 w=48.0 
52937 874 297 00 jfet04 1=1.2 w=48.0 
j2938 0 297 874 0 jfet04 1=1.2 w=48.0 
52939 875 811 00 jfet04 l= 1.2 w=48.0 
j2940 0 811 875 0 jfet04 I=1.2 w=48.0 
j2941 876 806 00 jfet04 I=1.2 w=48.0 
j2942 0 806 876 0 jfet04 l=1.2 w=48.0 
j2943 877 876 00 jfet04 1=1.2 w=48.0 
52944 0 876 877 0 jfet04 1=1.2 w=48.0 
j2945 877 875 00 jfet04 I=1.2 w=48.0 
32946 0 875 877 0 jfet04 1=1.2 w=48.0 
j2947 877 874.00 jfet04 I=1.2 w=48.0 
j2948 0 874 877 0 jfet04 I=1.2 w=48.0 
j2949 818 877 00 jfet04 I=1.2 w=48.0 
j2950 0 877 818 0 jfet04 1=1.2 w=48.0 
j2951 878 481 00 jfet04 I=1.2 w=48.0 
j2952.0 481 878 0 jfet04 I=1.2 w=48.0 
52953 879 816 00 jfet04 I=1.2 w=48.0 
52954 0 816 879 0 jfet04 I=1.2 w=48.0 
52955 880 818 00 jfet04 l=1.2 w=48.0 
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j2956 0 818 880 0 jfet04 l= 1.2 w=48.0 
52957 881 880 0 0 jfet04 I=1.2 w=48.0 
j2958 0 880 881 0 jfet04 1=1.2 w=48.0 
j2959 881 879 00 jfet04 l=1.2 w=48.0 
j2960 0 879 881 0 jfet04 I=1.2 w=48.0 
52961 881 878 00 jfet04 I=1.2 w=48.0 
j2962 0 878 881 0 jfet04 I=1.2 w=48.0 
j2963 467 881 00 jfet04 I=1.2 w=48.0 
j2964 0 881 467 O jfet04 l=1.2 w=48.0 
42965 882 467 00 jfet04 l=1.2 w=48.0 
52966 0 467 882 0 jfet04 l=1.2 w=48.0 
52967 883 811 00 jfet04 I=1.2 w=48.0 
j2968 0 811 883 0 jfet04 I=1.2 w=48.0 
52969 884 883 00 jfet04 I= 1.2 w=48.0 
j2970 0 883 884 0 jfet04 I=1.2 w=48.0 
j2971 884 882 00 jfet04 l=1.2 w=48.0 
j2972 0 882 884 0 jfet04 I=1.2 w=48.0 
42973 816 884 00 jfet04 l=1.2 w=48.0 
52974 0 884 816 0 jfet04 l=1.2 w=48.0 
52975 1 885 885 0 jfetl6 l=1.2 w=6.0 

j2976 886 886 1 0 jfetl6 l=1.2 w=6.0 

j2977 887 887 1 0 jfetl6 I=1.2 w=6.0 

j2978 888 888 1 0 jfetl6 l=1.2 w=6.0 

j2979 1 889 889 0 jfetl6 I=1.2 w=6.0 

j2980 599 599 1 0 jfeti6 I=1.2 w=6.0 

j2981 0441 858 0 jfet04 1=1.2 w=48.0 
j2982 890 441 00 jfet04 I=1.2 w=48.0 
j2983 1 858 890 0 jfet04 I=1.2 w=48.0 
j2984 891 859 1 0 jfet04 I= 1.2 w=48.0 
j2985 0 562 891 0 jfet04 I=1.2 w=48.0 
52986 859 562 00 jfet04 I=1.2 w=48.0 
j2987 0 599 860 0 jfet04 I=1.2 w=48.0 
j2088 892 599 0 0 jfet04 I=1.2 w=48.0 
j2989 1 860 892 0 jfet04 I=1.2 w=48.0 
52990 1 893 893 0 jfetl6 I=1.2 w=6.0 

52991 894 894 1 0 jfetl6 I=!.2 w=6.0 

52992 895 861 1 0 jfet04 l= 1.2 w=48.0 
52993 0 563 895 0 jfet04 I=1.2 w=48.0 
52994 861 563 00 jfet04 I=1.2 w=48.0 
52995 0 890 862 0 jfet04 l= 1.2 w=48.0 
j2996 862 891 00 jfet04 I=1.2 w=48.0 
52997 0 892 862 0 jfet04 l=1.2 w=48.0 
52998 862 895 00 jfet04 I= 1.2 w=48.0 
52999 896 862 1 0 jfet04 [= 1.2 w=48.0 
53000 0 895 896 0 jfet04 I=1.2 w=48.0 
j3001 896 892 00 jfet04 I= 1.2 w=48.0 
53002 0 891 896 0 jfet04 I=1.2 w=48.0 
j3003 896 890 00 jfet04 I=1.2 w=48.0 
j3004 1 897 897 0 jfetl6 I=1.2 w=6.0 

j3005 898 898 1 0 jfetl6 I=1.2 w=6.0 

j3006 899 899 1 0 jfetl6 I=1.2 w=3.2 





j3007 1 870 870 0 jfeti6 l=1.2 w=6.0 
j3008 871 871 1 0 jfetl6 I= 1.2 w=6.0 

j3009 1 872 872 0 jfetl6 t=1.2 w=6.0 

}3010 873 873 1 0 jfetl6 i=1.2 w=6.0 

j3011 817 817 1 O jfetl6 I=1.2 w=6.0 

j3012 874 874 1 0 jfetl6 I=1.2 w=6.0 

53013 875 875 1 0 jfetl6 I=1.2 w=6.0 

53014 876 876 1 0 jfetl6 I=1.2 w=6.0 

53015 877 877 1 0 jfetl6 l=1.2 w=6.0 

j3016 818 818 1 0 jfetl6 I=1.2 w=6.0 

j3017 878 878 1 0 jfetl6 l=1.2 w=6.0 

j3018 879 879 1 0 jfetl6 i=1.2 w=6.0 

53019 880 880 1 0 jfetl6 I=1.2 w=6.0 

}3020 881 881 1 0 jfetl6 I=1.2 w=6.0 

j3021 467 467 1 0 jfetl6 l=1.2 w=6.0 

53022 863 900 0 0 jfet04 I=1.2 w=48.0 
j3023 0 900 863 0 jfet04 I=1.2 w=48.0 
j3024 864 901 00 jfet04 I=1.2 w=48.0 
53025 0 901 864 0 jfet04 I=1.2 w=48.0 
j3026 865 595 00 jfet04 I=1.2 w=48.9 
j3027 0 595 865 0 jfet04 I=1.2 w=48.0 
j3028 866 844 0 0 jfet04 I=1.2 w=48.0 
j3029 0 864 866 0 jfet04 I=1.2 w=48.0 
3030 866 865 00 jfet04 I=1.2 w=48.0 
j3031 0 865 866 0 jtet04 I=1.2 w=48.0 
53032 867 901 00 jfet04 I=1.2 w=48.0 
53033 0 901 867 0 #fet04 1=1.2 w=48.0 
53034 868 816 40 jfet04 I=1.2 w=48.0 
53035 0 816 868 0 jfet04 I=1.2 w=48.0 
}3036 869 867 0 0 jfet04 I=1.2 w=48.0 
53037 0 867 869 6 jtet04 I=1.2 w=48.0 
}3038 869 868 0 0 jfet04 1=1.2 w=48.0 
53039 0 868 869 0 jfet04 I=1.2 w=48.0 
53040 885 598 00 jfet04 I-1.2 w=48.0 
j3041 0 598 885 0 jfet04 1=1.2 w=48.0 
53042 886 863 0 0 jfet04 l=1.2 w=48.0 
53043 0 863 886 0 jfet04 I=1.2 w=48.0 
j3044 887 816 00 jfet04 I=1.2 w=48.0 
j3045 0 816 887 0 jfet04 I=1.2 w=48.0 
j3046 888 887 00 jfet04 1=1.? w=48.6 
j3047 0 887 888 0 jfet04 I=1.2 w=48.0 
j3048 888 886 0 0 jfet04 I=1.2 w=48.0 
53049 0 886 888 0 jfet04 I=1.2 w=48.0 
j3050 888 885 0 0 jfet04 I=1.2 w=48.0 
j3051 0 885 888 0 jfetO4 I=1.2 w=48.0 
j3052 889 888 0 0 jfet04 I=1.2 w=48.0 
j3053 0 888 889 0 jfet4 I=1.2 w=42.0 
53054 889 869 0 0 jfet04 I=1.2 w=48.0 
j3055 0 869 889 0 jfet04 I=1.2 w=48.0 
j30S6 889 866 0 0 jfet04 I=1.2 w=48.0 
}3057 0 866 889 0 jfet04 I=1.2 w=48.0 
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j3058 599 889 00 jfew4 I=1.2 w=48.0 
43059 0 889 599 0 jfet04 1=1.2 w=48.0 
}3060 893 896 00 jfet04 I=1.2 w=48.0 
j3061 0 896 893 0 jfet04 1=1.2 w=48.0 
53062 894 243 0.0 jfet04 I=1.2 w=48.0 
j3063 0 243 894 0 jfet04 I=1.2 w=48.9 
j3064 897 893 00 jfet04 I=1.2 w=48.0 
53065 0 893 897 0 jfet04 l=1.2 w=48.0 
j3066 897 894 00 jfet04 [=1.2 w=48.0 
j3067 0 894 897 0 jfet04 =1.2 w=48.0 
j3068 898 897 0 0 jfet04 i=1.2 w=48.0 
}3069 0 897 898 0 jfet04 I=1.2 w=48.0 
j3070 902 898 1 0 jfet04 I=1.2 w=20.0 
53071 0 903 899 0 jfetl6 I=1.2 w=10.0 
53072 904 899 | 0 jfet16 t=1.2 w=20.0 
53073 248 905 248 248 diol6 I=1.2 w=10.0 
53074 906 194 784 0 jfet16 I=1.2 w=8.0 
j3075 784 907 10 jfetl6 I=1.2 w=62.0 
53076 908 752 0 0 jfet04 I=1.2 w=48.0 
j3077 0 752 908 0 jfet04 l=1.2 w=48.0 
j3078 908 757 0 0 jfet04 I=1.2 w=48.0 
53079 0 757 908 0 jfet04 I= 1.2 w=48.0 
j3080 908 762 0 0 jfet04 1=1.2 w=48.0 
53081 0 762 908 0 jfet04 I=1.2 w=48.0 
43082 908 767 0 0 jfet04 1=1.2 w=48.0 
53083 0 767 908 0 jfet04 l=1.2 w=48.0 
53084 909 908 0 0 jfet04 1=1.2 w=48.0 
53085 0 908 909 0 jfet04 I=1.2 w=48.0 
j3086 783 779 0 0 jfet04 [=1.2 w=48.0 
43087 0 779 783 O jfet04 l=1.2 w=48.0 
}3088 780 784 0 0 jfet04 I=1.2 w=48.0 
j3089 0 784 780 0 jfet04 I=1.2 w=48.0 
j3090 781 175 00 jfet04 I= 1.2 w=48.0 
j3091 0 175 781 0 jfet04 l=1.2 w=48.0 
43092 782 169 0 0 jfet04 1=1.2 w=48.0 
53093 0 169 782 0 jfet04 l=1.2 w=48.0 
53094 910 169 00 jfet04 I=1.2 w=48.0 
53095 0 169 910 0 jfet04 I=1.2 w=48.0 
j3096 910 175 00 jfet04 !=1.2 w=48.0 
j3097 0 175 9100 jfet04 1=1.2 w=48.0 
53098 911 910 00 jfet04 l=1.2 w=48.0 
j3099 0 910911 0 jfet04 I= 1.2 w=48.0 
53100 912 911 0 0 jfet04 I=1.2 w=48.0 
j3101 0 911 912 0 jfet04 I=1.2 w=48.0 
53102 913 202 0 0 jfet04 l=1.2 w=48.0 
j3103 0 202 913 0 jfet04 1=1.2 w=48.0 
53104 914 912 00 jfet04 l=1.2 w=48.0 
j3105 0 912 914 0 jfet04 I=1.2 w=48.0 
j3106 914 913 00 jfet04 =1.2 w=48.0 
53107 0 913 914 0 jfet04 1=1.2 w=48.0 
j3108 915 909 00 jfet04 l=1.2 w=48.0 





53109 0 909 915 0 jfe104 1=1.2 w=48.0 
53110 784 205 916 0 jfetl6 1=1.2 w=8,0 
j3111 1 907 784 0 jfet16 I=1.2 w=62.0 
j3112 903 902 903 248 diol6 I=1.2 w=4.0 
53113 903 248 248 0 jfet20 I=3.2 w=3.2 
53114 917 904 917 248 diol6 I=1.2 w=20.0 
j3115 905 918 905 248 diol6 i=1.2 w=10.0 
53116 185 177 7840 jfetl6 I=1.2 w=6.0 
j3117 1 908 908 0 jfeti6 1=1.2 w=6.0 
j3118 909 909 1 0 jfetl6 1=1.2 w=6.0 
j3119 1 783 783 0 jfetl6 [=1.2 w=6.0 
53120 780 780 1 0 jfetl6 1=1.2 w=6.0 
j3121 1 781 781 0 jfetl6 1=1.2 w=6.0 
j3122 782 782 1 0 jfetl6 l=1.2 w=6.0 
j3123 1 910 9100 jfetl6 I=1.2 w=6.0 
j3124 911 911 1 0 jfet16 I=1.2 w=6.0 
j3125 1 912 912 0 jfetl6 1=1.2 w=6.0 
j3126 913 913 1 0 jfetl6 1=1.2 w=6.0 
j3127 1 914 914 0 jfeti6 1=1.2 w=6.0 
53128 915 915 1 O jfetl6 1=1.2 w=6.0 
53129 919 909 0 0 jfet04 1=1.2 w=64.0 
53130 0 909 919 0 jfet04 1=1.2 w=64.0 
53131 919 909 00 ffet04 I=1.2 w=64.0 
j3132 920 914 919 0 jfet04 I=1.2 w=64.0 
53133 919 914 9200 jfet04 I=1.2 w=64.0 
53134 920 914 919 0 jfet04 I=1.2 w=64.0 
53135 921 920 117 0 jfet04 1=1.2 w=64.0 
53136 117 920 921 0 jfet04 1=1.2 w=64.0 
53137 921 920 117 0 jfet04 1=1.2 w=64.0 
j3138 0 922 921 0 jfet04 I=1.2 w=64.0 
53139 921 922 00 jfet04 I=1.2 w=64.0 
53140 0 922 921 0 jfet04 l=1.2 w=64.0 
j3141 923 914 00 jfet04 l=1.2 w=64.0 
53142 0 914 923 0 jfet04 l=1.2 w=64.0 
j3143 923 914 00 jfet04 I=1.2 w=64.0 
53144 924 915 923 0 jfet04 I=1.2 w=64.0 
j3145 923 915 924 0 jfet04 i=1.2 w=64.0 
53146 924 915 923 0 jfet04 1=1.2 w=64.0 
j3147 925 924 922 0 jfet04 I=1.2 w=64.0 
j3148 922 924 925 0 jfet04 I=1.2 w=64.0 
53149 925 924 922 0 jfet04 l=1.2 w=64.0 
531500 117 925 0 jfet04 l= 1.2 w=64.0 
53151 925 117 0.0 jfet04 I= 1.2 w=64.0 
j3152 0 117 925 0 jfet04 I=1.2 w=64.0 
53153 784 907 1 0 jfetl6 I=1.2 w=62.0 
53154 784 214 926 0 jfet16 I=1.2 w=8.0 
j3155 927 217 784 0 jfetl6 l=1.2 w=8.0 
53156 248 248 214 0 jfetl6 l=1.2 w=12.0 
j3157 918 928 918 248 diol6 l=1.2 w=10.0 
j3158 929 219 784 0 jfeti6 [=1.2 w=8.0 
j3159 1 930 9300 jfetl6 1=1.2 w=6.0 





j3160 1 931 931 0 jfetl6 l=1.2 w=6.0 
53161 1 932 932 0 jfetl6 I=1.2 w=6.0 
53162 1 933 933 0 jfetl6 l=1.2 w=6.0 
53163 920 920 | 0 jfetl6 1=1.2 w=6.0 
53164 117 117 1 0 jfetl6 1=1.2 w=6.0 
j3165 924 924 1 0 jfetl6 I=1.2 w=6.0 
53166 922 922 1 0 jfetl6 1=1.2 w=6.0 
53167 176 177 929 0 jfetl6 I=1.2 w=3.2 
j3168 928 214 928 248 diol6 I=1.2 w=10.0 
53169 934 934 1 0 jfetl6 i=1.2 w=6.0 
j3170 214 917 214 248 diol6 l=1.2 w=20.0 
j3171 882 882 1 0 jfetlé l=1.2 w=6.0 
j3172 883 883 1 O jfetl6 I=1.2 w=6.0 
53173 884 884 1 0 jfetl6 1=1.2 w=6.0 
j3174 816 816 1 0 jfetl6 l=1.2 w=6.0 
j3175 1 935 935 0 jfetl6 I=1.2 w=6.0 
53176 109 109 1 0 jfetl6 l=1.2 w=6.0 
j3177 1 936 936 0 jfetl6 I=1.2 w=6.0 
j3178 937 937 1 0 jfetl6 1=1.2 w=6.0 
j3179 1 938 938 0 jfetl6 I=1.2 w=6.0 
j3180 939 939 1 0 jfet6 1=1.2 w=6.0 
53181 1 244 244 0 jfetl6 I=1.2 w=6.0 
j3182 1 940 940 0 jfetl6 1=1.2 w=6.0 
53183 941 941 1 0 jfetl6 1=1.2 w=6.0 
j3184 942 942 1 0 jfetl6 1=1.2 w=6.0 
j3185 202 202 1 0 jfetl6 1=1.2 w=6.0 
53186 0 441 943 0 jfet04 I=1.2 w=48.0 
j3187 944 441 00 jfet04 1=1.2 w=48.0 
j3188 1 943 944 0 jfet04 I=1.2 w=48.0 
43189 945 946 1 0 jfet04 I=1.2 w=48.0 
j3190 0 562 945 0 jfet04 1=1.2 w=48.0 
j3191 946 562.00 jfet04 I= 1.2 w=48.0 
j3192 0 599 947 0 jfet04 1=1.2 w=48.0 
43193 948 599 00 jfet04 1=1.2 w=48.0 
53194 1 947 948 0 jfet04 I=1.2 w=48.0 
43195 949 950 1 0 jfet04 1=1.2 w=48.0 
j3196 0.439 949 0 jfet04 1=1.2 w=48.0 
j3197 950 439 00 jfet04 I=1.2 w=48.0 
53198 0 944 951 0 jfet04 I=1.2 w=48.0 
53199 951 945 00 jfet04 1=1.2 w=48.0 
}3200 0 948 951 0 jfet04 l=1.2 w=48.0 
53201 951 949 00 jfet04 1=1.2 w=48.0 
43202 952.951 1.0 jfet04 l=1.2 w=48.0 
53203 0 949 952 0 jfet04 1=1.2 w=48.0 
j3204 952 948 0 0 jfet04 I=1.2 w=48.0 
j3205 0 945 952 0 jfet04 1I=1.2 w=48.0 
53206 952 944 0 0 jfet04 1=1.2 w=48.0 
j3207 953 952 00 jfet04 I=1.2 w=48.0 
j3208 0 952 953 0 jfet04 I=1.2 w=48.0 
43209 954 243 00 jfet04 I=1.2 w=48.0 
j3210 0 243 954 0 jfet04 I=1.2 w=48.0 


53211 955 953 00 jfet04 I=1.2 w=48.0 
53212 0 953 955 0 jfet04 I=1.2 w=48.0 
53213 955 954 00 jfet04 i=1.2 w=48.0 
53214 0 954 955 0 jfet04 1=1.2 w=48.0 
53215 956 955 00 jfet04 I=1.2 w=48.0 
j3216 0 955 956 0 jfet04 1=1.2 w=48.0 
53217 179 957 179 248 diol6 l=1.2 w=20.0 
33218 958 179 958 248 diold !=1.2 w=10.0 
j3219 248 248 959 0 jfet20 1=3.2 w=3.2 
j3220 959 960 959 248 diol6 I=1.2 w=4.0 
53221 960 956 1 0 jfet04 I=1.2 w=20.0 
33222 957 961 957 248 diol6 l=1.2 w=20.0 
53223 248 248 179 0 jfetl6 I= 1.2 w=12.0 
53224 962 958 962 248 diol6 I=1.2 w=10.0 
53225 1 953 953 0 jfet16 I=1.2 w=6.0 
3226 954 954 1 0 jfet]6 I=1.2 w=6.0 
53227 1 955 955 0 jfetl6 l=1.2 w=6.0 
53228 956 956 1 0 jfetl6 1=1.2 w=6.0 
53229 963 963 1 0 jfetl6 I=1.2 w=3.2 
53230 0 959 963 0 jfet16 [=1.2 w=10.0 
53231 961 963 1 0 jfetl6 i=1.2 w=20.0 
}3232 964 962 964 248 diol6 I=1.2 w=10.0 
53233 934 965 00 jfet04 I=1.2 w=48.0 
53234 0 965 934 0 jfet04 1=1.2 w=48.0 
53235 966 965 0 0 jfet04 1=1.2 w=64.0 
j3236 0 965 966 0 jfet04 I=1.2 w=64.0 
j3237 966 965 0 0 jfe104 1=1.2 w=64.0 
53238 930 227 966 0 jfet04 I=1.2 w=64.0 
j3239 966 227 930 0 jfet04 I= 1.2 w=64.0 
j3240 930 227 966 0 jfet04 1=1.2 w=64.0 
j3241 967 930 931 0 jfet04 I=1.2 w=64.0 
}3242 931 930 967 0 jfet04 l=1.2 w=64.0 
}3243 967 930 931 0 jfet04 I=1.2 w=64.0 
j3244 0 933 967 0 jfet04 l=1.2 w=64.0 
j3245 967 933 00 jfet04 I=1.2 w=64.0 
j3246 0 933 967 0 jfet04 1=1.2 w=64.0 
43247 968 227 00 jfet04 I=1.2 w=64.0 
53248 0 227 968 0 jfet04 l=1.2 w=64.0 
53249 968 227 00 jfet04 I=1.2 w=64.0 
j3250 932 934 968 0 jfet04 1=1.2 w=64.0 
53251 968 934 932 0 jfet04 I=1.2 w=64.0 
53252 932 934 968 0 jfet04 1=1.2 w=64.0 
53253 969 932 933 0 jfet04 1=1.2 w=64.0 
73254 933 932 969 0 jfet04 1=1.2 w=64.0 
53255 969 932 933 0 jfet04 I=1.2 w=64.0 
53256 0 931 969 0 jfet04 1=1.2 w=64.0 
53257 969 931 00 jfet04 1=1.2 w=64.0 
j3258 0 931 969 0 jfet04 1=1.2 w=64.0 
j3259 1 970 970 0 jfetl6 1=1.2 w=6.0 
43260 971 971 1 O jfetl6 1=1.2 w=6.0 
j3261 1 972 972 0 jfetl6 l=1.2 w=6.0 
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j3262 973 973 1 0 jfetl6 I=1.2 w=6.0 
}3263 1 857 857 0 jfetl6 I=1.2 w=6.0 
j3264 1 974 974 0 jfetl6 I=1.2 w=6.0 
53265 975 975 1 0 jfetl6 1=1.2 w=6.0 
j3266 1 976 976 0 jfetl6 1=1.2 w=6.0 
53267 977 977 1 0 jfetl6 I=1.2 w=6.0 
53268 1 978 978 0 jfetl6 I=1.2 w=6.0 
53269 979 979 1 0 jfetl6 i=1.2 w=6.0 
j3270 980 980 1 0 jfetl6 I=1.2 w=3.2 
53271 970 981 00 jfet04 I=1.2 w=48.0 
j3272 0 981 970 0 jfet04 I=1.2 w=48.0 
j3273 971 933 00 jfet04 I=1.2 w=48.0 
53274 0 933 971 0 jfetO4 l=1.2 w=48.0 
53275 972 243 00 jfet04 I=1.2 w=48.0 
53276 0 243 972 0 jfet04 I=1.2 w=48.0 
j3277 973 244 00 jfet04 I=1.2 w=48.0 
53278 0 244 973 0 jfet04 I=1.2 w=48.0 
j3279 857 973 00 jfet04 I=1.2 w=48.0 
j3280 0 973 857 0 jfet04 I=1.2 w=48.0 
j3281 857 972 00 jfet04 I=1.2 w=48.0 
j3282 0 972 857 0 jfet04 I=1.2 w=48.0 
}3283 857 $71 00 jfet04 l=1.2 w=48.0 
j3284 0 971 857 0 jfet04 I=1.2 w=48.0 
j3285 857 970 00 jfet04 l=1.2 w=48.0 
53286 0 970 857 0 jfet04 I=1.2 w=48.0 
43287 974 981 00 jfet04 I=1.2 w=48.0 
53288 0 981 974 0 jfet04 I=1.2 w=48.0 
53289 975 931 00 jfet04 I=1.2 w=48.0 
j3290 0 931 975 0 jfet04 I=1.2 w=48.0 
j3291 976 244 00 jfet04 I=1.2 w=48.0 
j3292 0 244 976 0 jfet04 1=1.2 w=48.0 
j3293 977 243 00 jfet04 I=1.2 w=48.0 
j3294 0 243 977 0 jfet04 l=1.2 w=48.0 
j3295 978 977 00 jfet04 I=1.2 w=48.0 
j3296 0 977 978 0 jfet04 I=1.2 w=48.0 
53297 978 976 00 jfet04 I=1.2 w=48.0 
53298 0 976 978 0 jfet04 l=1.2 w=48.0 
53299 978 975 00 jfet04 I=1.2 w=48.0 
j3300 0 975 978 0 jfet04 I=1.2 w=48.0 
53301 978 974 00 jfet04 1=1.2 w=48.0 
53302 0.974 978 0 jfet04 I= 1.2 w=48.0 
j3303 979 978 0 0 jfet04 l=1.2 w=48.0 
j3304 0 978 979 0 jfet04 1=1.2 w=48.0 
53305 982 979 1 0 jfet04 I=1.2 w=20.0 
j3306 0 983 980 0 jfetl6 I=1.2 w=10.0 
j3307 984 980 1 0 jfet16 I=1.2 w=20.0 
53308 248 985 248 248 diol6 I=1.2 w=10.0 
j3309 983 982 983 248 diol6 l=1.2 w=4.0 
j3310 983 248 248 0 jfet20 [=3.2 w=3.2 
j3311 986 984 986 248 diol6 I=1.2 w=20.0 
j3312 985 987 985 248 diol6 l=1.2 w=10.0 


j3313 248 248 907 0 jfet16 1=1.2 w=12.0 
j3314 987 988 987 248 diol6 1=1.2 w=10.0 
53315 988 907 988 248 diol6 1=1.2 w=10.0 
53316 907 986 907 248 diol6 l=1.2 w=20.0 
j3317 248 964 248 248 diol6 I=1.2 w=10.0 
j3318 1 989 989 0 jfetl6 I=1.2 w=6.0 
}3319 990 990 1 0 jfeti6 I=1.2 w=6.0 
33320 1 991 991 0 jfetl6 I=1.2 w=6.0 
53321 935 202 00 jfet04 I[=1.2 w=48.0 
43322 0 202 935 0 jfet04 I=1.2 w=48.0 
53323 935 244 00 jfet04 i=1.2 w=48.0 
3324 0 244 935 0 jfet04 1=1.2 w=48.0 
53325 935 598 00 jfet04 I=1.2 w=48.0 
53326 0 598 935 0 jfet04 I=1.2 w=48.0 
53327 109 935 00 jfet04 l=1.2 w=48.0 
j3328 0 935 109 0 jfetO4 I=1.2 w=48.0 
53329 936 598 0 0 jfetO4 l= 1.2 w=48.0 
53330 0 598 936 0 jfet04 I=1.2 w=48.0 
33331 937 992 00 jfet04 I=1.2 w=48.0 
53332 0 992 937 0 jfet04 l=1.2 w=48.0 
53333 938 936 00 jfet04 I=1.2 w=48.0 
53334 0 936 938 0 jfet04 I=1.2 w=48.0 
73335 939 992 0 0 jfet04 I=1.2 w=48.0 
53336 0 992 939 0 jfet04 I=1.2 w=48.0 
53337 244 938 00 jfet04 I=1.2 w=48.0 
j3338 0 938 244 0 jfet04 I=1.2 w=48.0 
53339 244 939 00 jfet04 I=1.2 w=48.0 
53340 0 939 244 0 jfet04 I=1.2 w=48.0 
j3341 940 936 0 0 jfet4 1=1.2 w=48.0 
53342 0 936 940 0 jfet04 I=1.2 w=48.0 
53343 941 937 00 jfet04 I=1.2 w=48.0 
}3344 0 937 941 0 jfet04 I=1.2 w=48.0 
43345 942 993 0 0 jfet04 I=1.2 w=48.0 
j3346 0 993 942 0 jfetO4 1=1.2 w=48.0 
j3347 202 942 0 0 jfetO4 l=1.2 w=48.0 
3348 0 942 202 0 jfet04 1=1.2 w=48.0 
j3349 202 941 0 0 jfet04 I=1.2 w=48.0 
j3350 0 941 202 0 jfet04 I=1.2 w=48.0 
j3351 202 940 0 0 jfetO4 I=1.2 w=48.0 
53352 0 940 202 0 jfet04 =1.2 w=48.0 
53353 1 943 943 0 jfetl6 I=1.2 w=3.2 
53354 946 946 1 0 jfetl6 l=1.2 w=3.2 
43355 1 947 947 0 jfetl6 l=1.2 w=3.2 
j3356 950 950 1 0 jfeti6 I=1.2 w=3.2 
53357 994 994 1 0 jfetl6 1=1.2 w=6.0 
43358 995 995 1 0 jfetl6 l=1.2 w=3.2 
53359 951 951 10 jfetl6 I=1.2 w=3.2 
53360 1 996 996 0 jfetl6 I=1.2 w=3.2 
j3361 997 997 1 0 jfetl6 =1.2 w=3.2 
53362 1 998 998 0 jfetl6 I=1.2 w=3.2 
53363 999 999 1 0 jfetl6 i=1.2 w=3.2 
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]3365 0 441 996 0 jfet04 1=1.2 w=48.0 
j3366 1001 441 0 0 jfet04 I=1.2 w=48.0 
53367 1 996 1001 0 jfet04 I=1.2 w=48.0 
53368 1002 997 1 0 jfet04 I=1.2 w=48.0 
53369 0 600 1002 0 jfet04 I=1.2 w=48.0 
53370 997 600 00 jfet04 I=1.2 w=48.0 

53371 0 599 998 0 jfet04 I=1.2 w=48.0 

53372 1003 599 0 0 jfet04 I=1.2 w=48.0 
53373 1 998 1003 0 jfet04 I=1.2 w=48.0 
53374 1004 999 1 0 jfet04 I=1.2 w=48.0 
53375 0 563 1004 0 jfet04 1=1.2 w=48.0 
j3376 999 563 00 jfet04 I=1.2 w=48.0 

53377 0 1001 1000 0 jfet04 1=1.2 w=48.0 
53378 1000 1002 0 0 jfet04 1=1.2 w=48.0 
53379 0 1003 1000 0 jfet04 I=1.2 w=48.0 
53380 1000 1004 0 0 jfet04 1=1.2 w=48.0 
j3381 1005 1000 1 0 jfet04 I=1.2 w=48.0 
j3382 0 1004 1005 0 jfet04 1=1.2 w=48.0 
j3383 1005 1003 0 0 jfet04 1=1.2 w=48.0 
53384 0 1002 1005 0 jfet04 l=1.2 w=48.0 
53385 1005 1001 0 0 jfet04 1=1.2 w=48.0 
}3386 989 1005 0 0 jfet04 I=1.2 w=48.0 
}3387 0 1005 989 0 jfet04 I=1.2 w=48.0 
53388 990 243 00 jfet04 1=1.2 w=48.0 

53389 0 243 990 0 jfet04 1=1.2 w=48.0 

j3390 991 989 00 jfet04 1=1.2 w=48.0 

53391 0 989 991 0 jfet04 l=1.2 w=48.0 

53392 991 990 00 jfet04 I= 1.2 w=48.0 

j3393 0 990 991 0 jfet04 I=1.2 w=48.0 

53394 994 991 0.0 jfet04 I= 1.2 w=48.0 

j3395 0.991 994 0 jfet04 1=1.2 w=48.0 

43396 1006 994 1 0 jfet04 l= 1.2 w=20.0 
43397 0 1007 995 0 jfetl6 I=1.2 w=10.0 
53398 1008 995 1 0 jfetl6 I=1.2 w=20.0 
j3399 248 1009 248 248 diol6 l=1.2 w=10.0 
j3400 1007 1006 1007 248 diol6 !=1.2 w=4.0 
53401 1007 248 248 0 jfet20 1=3.2 w=3.2 
j3402 1010 1008 1010 248 diol6 l=1.2 w=20.0 
53403 1009 1011 1009 248 diol6 I=1.2 w=10.0 
j3404 248 248 2170 jfet16 f=1.2 w=12.0 
53405 1011 1012 1011 248 diol6 I=1.2 w=10.0 
j3406 1012 217 1012 248 diol6 1=1.2 w=10.0 
53407 217 1010 217 248 diol6 I=1.2 w=20.0 
53408 1013 1014 00 jfet04 l=1.2 w=48.0 
53409 0 1014 1013 0 jfet04 I=1.2 w=48.0 
53410 1015 243 0 0 jfet04 l=1.2 w=48.0 
53411 0.243 1015 0 jfet4 I=1.2 w=48.0 
53412 1016 1013 00 jfet04 I=1.2 w=48.0 
j3413 0 1013 1016 0 jfet04 I=1.2 w=48.0 
53414 1016 1015 00 jfet04 1=1.2 w=48.0 


j3364 1 1000 1000 0 jfetié l=1.2 w=3.2 @ 





j3415 0 1015 1016 0 jfet04 1=1.2 w=48.0 
j3416 1017 1016 00 jfet04 l=1.2 w=48.0 
j3417 0 1016 1017 0 jfet04 i=1.2 w=48.0 


j3418 182 1018 182 248 diol6 I=1.2 w=20.0 
j3419 1019 182 1019 248 diol6 l=1.2 w=10.0 


53420 101 1020 0 0 jfet04 1=1.2 w=48.0 
33421 0 1020 101 0 jfet04 1=1.2 w=48.0 
j3422 1020 1021 00 jfet04 1=1.2 w=48.0 
j3423 0 1021 10200 jfet04 I=1.2 w=48.0 
53424 1020 1022 0 0 jfet04 I=1.2 w=48.0 
53425 0 1922 10200 jfet04 I=1.2 w=48.0 
43426 1021 202 0 0 jfet04 I=1.2 w=48.0 
53427 0 202 1021 0 jfet04 1=1.2 w=48.0 
43428 1022 1023 00 jfet04 1=1.2 w=48.0 
53429 0 1023 1022 0 jfet04 l= 1.2 w=48.0 
53430 1023 1024 00 jfet04 1=1.2 w=48.0 
53431 0 1024 1023 0 jfet04 I=1.2 w=48.0 
53432 1024 169 00 jfet04 1=1.2 w=48.0 
53433 0 169 1024 0 jfet04 I=1.2 w=48.0 
3434 1024 175 00 jfet04 l=1.2 w=48.0 
53435 0 175 1024 0 jfet04 I= 1.2 w=48.0 
53436 981 253 00 jfet04 I=1.2 w=48.0 
53437 0 253 981 0 jfet04 l=1.2 w=48.0 
53438 1025 253 00 jfet04 1=1.2 w=48.0 
53439 0 253 1025 0 jfet04 1=1.2 w=48.0 
53440 1026 933 0 0 jfet04 1=1.2 w=48.0 
53441 0.933 1026 0 jfet04 I= 1.2 w=48.0 
53442 1027 243 00 jfetO4 1=1.2 w=48.0 
53443 0 243 1027 0 jfet04 I=1.2 w=48.0 
53444 1028 244 00 jfet04 I=1.2 w=48.0 
53445 0 244 1028 0 jfet04 I= 1.2 w=48.0 
43446 853 1028 0 0 jfet04 1=1.2 w=48.0 
j3447 0 1028 853 0 jfet04 1=1.2 w=48.0 
53448 853 1027 00 jfet04 I=1.2 w=48.0 
53449 0 1027 853 0 jfet04 I=1.2 w=48.0 
53450 853 1026 00 jfet04 I=1.2 w=48.0 
j3451 0 1026 853 0 jfet04 I=1.2 w=48.0 
j3452 853 1025 00 jfet04 I=1.2 w=48.0 
53453 0 1025 853 0 jfet04 I=1.2 w=48.0 
j3454 1029 253 00 jfet04 I=1.2 w=48.0 
43455 0 253 1029 0 jfet04 l= 1.2 w=48.0 
j3456 1030 931 00 jfet04 I=1.2 w=48.0 
53457 0 931 1030 0 jfet04 I=1.2 w=48.0 
j3458 1031 244 00 jfet04 I= 1.2 w=48.0 
53459 0 244 1031 0 jfet04 I= 1.2 w=48.0 
43460 1032 243 00 jfet04 1=1.2 w=48.0 
43461 0 243 1032 0 jfet04 I=1.2 w=48.0 
53462 1033 103200 jfet04 I=1.2 w=48.0 
j3463 0 1032 1033 0 jfet04 I=1.2 w=48.0 
43464 1033 1031 00 jfet04 I=1.2 w=48.0 
j3465 0 1031 1033 0 jfet04 1=1.2 w=48.0 
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53466 1033 1030 0 0 jfet04 I=1.2 w=48.0 
53467 0 1030 1033 0 jfet04 I=1.2 w=48.0 
43468 1033 1029 00 jfet04 1=1.2 w=48.0 
j3469 0 1029 1033 0 jfet04 1=1.2 w=48.0 
53470 1034 1035 00 jfet04 I=1.2 w=48.0 
53471 0 1033 1034 0 jfet04 I=1.2 w=48.0 
53472 789 1035 789 248 diol6 I=1.2 w=20.0 
53473 1036 789 1036 248 diol6 I=1.2 w=10.0 
j3474 248 248 1037 0 jfet20 1=3.2 w=3.2 
j3475 1037 1038 1037 248 diol6 I=1.2 w=4.0 
}3476 248 248 1039 0 jfet20 1=3.2 w=3.2 
53477 1039 1040 1039 248 diol6 I=1.2 w=4.0 
j3478 1041 202 00 jfet04 I=1.2 w=48.0 
43479 0 244 1041 0 jfet04 I=1.2 w=48.0 
j3480 1041 598 00 jfet04 I=1.2 w=48.0 
53481 1042 1041 1 0 jfet04 1=1.2 w=48.0 
43482 0 598 1042 0 jfet04 l=1.2 w=48.0 
53483 1042 244 0 0 jfet04 1=1.2 w=48.0 
43484 0 202 1042 0 jfet04 1=1.2 w=48.0 
53485 0 1042 1043 0 jfet04 I=1.2 w=48.0 
53486 441 1042 00 jfet04 l=1.2 w=48.0 
53487 1 1043 441 0 jfet04 1=1.2 w=48.0 
53488 0 441 1044 0 jfet04 1=1.2 w=48.0 
53489 1045 441 00 jfet04 I=1.2 w=48.0 
43490 1 1044 1045 0 jfet04 1=1.2 w=48.0 
j3491 1046 1047 1 0 jfet04 I=1.2 w=48.0 
53492 0 599 1046 0 jfet04 I=1.2 w=48.0 
53493 1047 599 00 jfet04 I=1.2 w=48.0 
53494 0 600 1048 0 jfet04 l=1.2 w=48.0 
43495 1049 600 0 0 jfet04 1=1.2 w=48.0 
j3496 1 1048 1049 0 jfet04 1=1.2 w=48.0 
53497 1050 1051 1 0 jfet04 t=1.2 w=48.0 
53498 0 439 1050 0 jfet04 1=1.2 w=48.0 
53499 1051 439 00 jfet04 l=1.2 w=48.0 
53500 0 1045 1052 0 jfet04 I=1.2 w=48.0 
43501 1052 1046 00 jfet04 I=1.2 w=48.0 
53502 0 1049 1052 0 jfet04 l=1.2 w=48.0 
53503 1052 1050 0 0 jfet04 I= 1.2 w=48.0 
53504 1014 1052 1 0 jfet04 l=1.2 w=48.0 
53505 0 1050 1014 0 jfet04 I=1.2 w=48.0 
53506 1014 1049 0 0 jfet04 i=1.2 w=48.0 
43507 0 1046 1014 0 jfet04 1=1.2 w=48.0 
53508 1014 1045 00 jfet04 I=1.2 w=48.0 
53509 1040 1017 1 0 jfet04 l=1.2 w=20.0 
53510 1018 1053 1018 248 diol6 l=1.2 w=20.0 
j35L1 248 248 182 0 jfetl6 t=1.2 w=12.0 
j3512 1054 1019 1054 248 diol6 l=1.2 w=10.0 
53513 1 101 101 0 jfetl6 I=1.2 w=6.0 

53514 1020 1020 1 0 jfetlé 1=1.2 w=6.0 
43515 1 1021 1021 0 jfetl6 I=1.2 w=6.0 
53516 1022 1022 1 0 jfeti6 l=1.2 w=6.0 


j3517 1 1023 1023 0 jfet16 1=1.2 w=6.0 
j3518 1024 1024 1 0 jfetl6 l=1.2 w=6.0 
j3519 981 981 1 0 jfetl6 l=1.2 w=6.0 
j3520 1 1025 1025 0 jfet16 l=1.2 w=6.0 
j3521 1026 1026 1 0 jfetl6 1=1.2 w=6.0 
j3522 1 1027 1027 0 jfetl6 1=1.2 w=6.0 
j3523 1028 1028 1 0 jfetl6 I=1.2 w=6.0 
j3524 1038 1034 1 0 jfet04 l=1.2 w=20.0 


j3525 1035 1055 1035 248 diol6 l=1.2 w=20.0 


j3526 248 248 789 0 jfeti6 1=1.2 w=12.0 


j3527 1056 1036 1056 248 diol6 l=1.2 w=10.0 


53528 853 853 1 O jfetl6 l=1.2 w=6.0 
53529 1 1029 1029 0 jfet16 1=1.2 w=6.0 
53530 1030 1030 1 0 jfetl6 l=1.2 w=6.0 
53531 1 1031 1031 0 jfetl6 I=1.2 w=6.0 
43532 1032 1032 1 0 jfetl6 1=1.2 w=6.0 
53533 1033 1033 1 0 jfeti6 =1.2 w=6.0 
53534 1034 1034 1 0 jfetl6 l=1.2 w=6.0 
53535 1057 1057 1 0 jfetl6 l=1.2 w=3.2 
53536 0 1037 1057 0 jfetl6 l=1.2 w=10.0 
j3537 1055 1057 1 0 jfetl6 1=1.2 w=20.0 


j3538 1058 1056 1058 248 diol6 l=1.2 w=10.0 
j3539 248 1058 248 248 diol6 l=1.2 w=10.0 


43540 1 1013 1013 0 jfetl6 l=1.2 w=6.0 
53541 1015 1015 1 0 jfetl6 1=1.2 w=6.0 
53542 1 1016 1016 0 jfetl6 1=1.2 w=6.0 
53543 1017 1017 1 0 jfetl6 1=1.2 w=6.0 
j3544 1059 1059 1 0 jfetl6 I=1.2 w=3.2 
53545 0 1039 1059 0 jfeti6 1=1.2 w=10.0 
53546 1053 1059 1 0 jfet16 I=1.2 w=20.0 


j3547 1060 1054 1060 248 diol6 I=1.2 w=10.0 
j3548 248 1060 248 248 diol6 l=1.2 w=10.0 


53549 1 1043 1043 0 jfetl6 l=1.2 w=3.2 
53550 1 1044 1044 0 jfet6 I=1.2 w=3.2 
53551 1047 1047 1 0 jfett6 1=1.2 w=3.2 
j3552 1 1048 1048 0 jfeti6 l=1.2 w=3.2 
33553 1051 1051 1 0 jfet16 1=1.2 w=3.2 
j3554 1041 1041 1 0 jfetl6 I=1.2 w=3.2 
53555 1052 1052 1 0 jfet16 l=1.2 w=3.2 
53556 1 1061 1061 0 jfetl6 1=1.2 w=3.2 
43557 1062 1062 1 0 jfet16 l=1.2 w=3.2 
j3558 1 1063 1063 0 jfetl6 1=1.2 w=3.2 
53559 1064 1064 1 0 jfet16 l=1.2 w=3.2 
53560 1 1065 1065 0 jfetl6 1=1.2 w=3.2 
53561 1066 1066 1 0 jfetl6 l=1.2 w=3.2 
53562 0 1067 1061 0 jfet04 1=1.2 w=48.0 
53563 1068 1067 0 0 jfet04 I=1.2 w=48.0 
j3564 1 1061 1068 0 jfet04 I=1.2 w=48.0 
43565 1068 1062 1 0 jfet04 I=1.2 w=48.0 
53566 0 1067 1068 0 jfet04 I= 1.2 w=48.0 
53567 1062 1067 0 0 jfet04 I=1.2 w=48.0 
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53568 0 1068 1063 0 jfet04 1=1.2 w=48.0 
53569 992 1068 00 jfet04 I=1.2 w=48.0 
53570 1 1063 992 0 jfet04 l= 1.2 w=48.0 
j3571 992 1064 1 0 jfet04 I=1.2 w=48.0 
53572 0 1068 992 0 jfet04 I=1.2 w=48.0 
53573 1064 1068 0 0 jfet04 i=1.2 w=48.0 
j3574 0 1068 1065 0 jfet04 1=1.2 w=48.0 
j3575 992 1068 0 0 jfet04 I=1.2 w=48.0 
53576 1 1065 992 0 jfet04 I=1.2 w=48.0 
33577 992 1066 L 0 jfet04 l=1.2 w=48.0 
43578 0 1068 992 0 jfet04 I=1.2 w=48.0 
53579 1066 1068 0 0 jfet04 1=1.2 w=48.0 
53580 0 1069 1067 0 jfet04 1=1.2 w=38.4 
53581 0 1067 1070 0 jfet04 1=1.2 w=19.2 
53582 0 1069 1071 0 jfet04 I=1.2 w=19.2 
j3583 1067 1071 1 Ojfetl6 l=1.6 w=4.0 


j3584 1070 1071 1070 248 diol6 l=1.2 w=2.4 


53585 1071 1071 1 0 jfetl6 1=2.4 w=4.0 
53586 1 1072 1073 0 jfet04 1=1.2 w=20.0 
53587 1 1074 0 0 jfet04 1=2.0 w=20.0 

53588 1 1075 1076 0 jfet04 I=1.2 w=20.0 
j3589 1073 1073 1077 0 jfetl6 1=1.6 w=3.6 
j3590 0 1074 1 0 jfet04 1=2.0 w=20.0 

53591 1076 1076 1078 0 jfetl6 1=1.6 w=4.0 
j3592 1077 1077 1069 0 jfetl6 1=1.6 w=3.6 
53593 1078 1078 1079 0 jfetl6 1=1.6 w=4.0 
43594 1 1074 0 0 jfet04 1=2.0 w=20.0 

53595 1069 1079 00 jfet04 I=1.2 w=20.0 
j3596 1079 1079 0 0 jfet04 I=1.2 w=20.0 
43597 0 1074 1080 0 jfet04 1=2.0 w=20.0 
43598 1080 1074 00 jfet04 1=2.0 w=20.0 
53599 0 1074 1080 0 jfet04 1=2.0 w=20.0 
j3600 1080 1081 1075 0 jfet04 I= 1.6 w=50.0 
j3601 1080 1082 1072 0 jfet04 1=1.6 w=50.0 
53602 1072 1082 1080 0 jfet04 1=1.6 w=50.0 
j3603 1080 1082 1072 0 jfet04 1=1.6 w=50.0 
j3604 1075 1081 1080 0 jfet04 1=1.6 w=50.0 
43605 1080 1081 1075 0 jfet04 1=1.6 w=50.0 
}3606 1072 1 1072 248 diol6 1=1.6 w=3.2 
53607 1075 1 1075 248 diol6 l=1.6 w=3.2 
j3608 1 1082 1 248 diol6 I=1.2 w=47.2 
j3609 1 1082 1 248 diol6 l=1.2 w=50.0 
j3610 1 1082 1 248 diol6 1=1.2 w=50.0 
53611 1 1082 1 248 diol6 I=1.2 w=50.0 
j3612 1 1082 1 248 diol6 l=1.2 w=50.0 
j3613 1 1082 1 248 diol6 I=1.2 w=50.0 
53614 1082 0 1082 248 diol6 I=1.2 w=38.0 
j3615 1082 0 1082 248 diol6 l=1.2 w=50.0 
53616 1082 0 1082 248 diol6 1=1.2 w=50.0 
53617 1082 0 1082 248 diol6 l=1.2 w=50.0 
j3618 1082 0 1082 248 dio16 l=1.2 w=50.0 
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j3619 1082 0 1082 248 diol6 I=1.2 w=50.0 
53620 1 1083 1083 0 jfet16 1=1.2 w=3.2 
j3621 1084 1084 1 0 jfetl6 l=1.2 w=3.2 
j3622 1 1085 1085 0 jfetl6 l=1.2 w=3.2 
53623 1086 1086 1 0 jfet16 1=1.2 w=3.2 
53624 1 1087 1087 0 jfet6 1=1.2 w=3.2 
53625 1088 1088 1 0 jfet16 l=1.2 w=3.2 
53626 0 1089 1083 0 jfet04 l=1.2 w=48.0 
53627 1090 1089 0 0 jfet04 1=1.2 w=48.0 
53628 1 1083 1090 0 jfet04 1=1.2 w=48.0 
53629 1090 1084 1 0 jfet04 1=1.2 w=48.0 
53630 0 1089 1090 0 jfet04 1=1.2 w=48.0 
53631 1084 1089 0 0 jfet04 1=1.2 w=48.0 
}3632 0 1090 1085 0 jfet04 I=1.2 w=48.0 
j3633 993 1090 0 0 jfet04 I=1.2 w=48.0 
53634 1 1085 993 0 jfet04 I=1.2 w=48.0 
j3635 993 1086 1 0 jfet04 1=1.2 w=48.0 
53636 0 1090 993 0 jfet04 1=1.2 w=48.0 
j3637 1086 1090 0 0 jfet04 I=1.2 w=48.0 
53638 0 1090 1087 0 jfet04 1=1.2 w=48.0 
43639 993 1090 0 0 jfet04 I=1.2 w=48.0 
53640 1 1087 993 0 jfet04 I=1.2 w=48.0 
53641 993 1088 1 0 jfet04 I=1.2 w=48.0 
j3642 0 1090 993 0 jfet04 I=1.2 w=48.0 
}3643 1088 1090 0 0 jfet04 1=1.2 w=48.0 
53644 0 1091 1089 0 jfet04 l=1.2 w=38.4 
j3645 0 1089 1092 0 jfet04 1=1.2 w=19.2 
53646 0 1091 1093 0 jfet04 1=1.2 w=19.2 
j3647 1089 1093 1 0 jfetl6 1=1.6 w=4.0 
53648 1092 1093 1092 248 diol6 [=1.2 w=2.4 
53649 1093 1093 1 0 jfeti6 1=2.4 w=4.0 
53650 1 1094 1095 0 jfet04 I=1.2 w=20.0 
53651 1 1096 0 0 jfet04 1=2.0 w=20.0 

j3652 1 1097 1098 0 jfet04 1=1.2 w=20.0 
53653 1095 1095 1099 0 jfetl6 I= 1.6 w=3.6 
53654 0 1096 1 0 jfet04 1=2.0 w=20.0 

53655 1098 1098 1100 0 jfet16 I=1.6 w=4.0 
}3656 1099 1099 1091 0 jfetl6 1=1.6 w=3.6 
j3657 1100 1100 1101 0 jfetl6 1=1.6 w=4.0 
73658 1 1096 0 0 jfet04 I=2.0 w=20.0 

53659 1091 1101 00 jfet04 I=1.2 w=20.0 
53660 1101 1101 00 jfet04 1=1.2 w=20.0 
j3661 0 1096 1102 0 jfet04 1=2.0 w=20.0 
53662 1102 1096 0 0 jfet04 1=2.0 w=20.0 
53663 0 1096 1102 0 jfet04 1=2.0 w=20.0 
j3664 1102 1081 1097 0 jfet04 1=1.6 w=50.0 
43665 1102 1103 1094 0 jfet04 1=1.6 w=50.0 
53666 1094 1103 1102 0 jfet04 I=1.6 w=50.0 
j3667 1102 1103 1094 0 jfet04 1=1.6 w=50.0 
j3668 1097 1081 1102 0 jfet04 I= 1.6 w=50.0 
j3669 1102 1081 1097 0 jfet04 1=1.6 w=50.0 





53670 1094 1 1094 248 diol6 I=1.6 w=3.2 
j3671 1097 1 1097 248 diol6 I=1.6 w=3.2 
53672 1 1103 1 248 diol6 1=1.2 w=47.2 
53673 1 1103 1 248 diol6 I=1.2 w=50.0 
53674 1 1103 1 248 diol6 l=1.2 w=50.0 
13675 1 1103 1 248 diol6 I=1.2 w=50.0 
33676 1 1103 1 248 diol6 I=1.2 w=50.0 
j3677 1 1103 1 248 diol6 I=1.2 w=50.0 
43678 1103 0 1103 248 diol6 I=1.2 w=38.0 
53679 1103 0 1103 248 diol6 I=1.2 w=50.0 
53680 1103 0 1103 248 diol6 1=1.2 w=50.0 
j3681 1103 0 1103 248 diolé 1=1.2 w=50.0 
}3682 1103 0 1103 248 diol6 1=1.2 w=50.0 
53683 1103 0 1103 248 diol6 1=1.2 w=50.0 
43684 1 1104 1104 0 jfetl6 I=1.2 w=3.2 
43685 1105 1105 1 0 jfetl6 t=1.2 w=3.2 
43686 1 1106 1106 0 jfetl6 l=1.2 w=3.2 
3687 1107 1107 1 0 jfetl6 I=1.2 w=3.2 
53688 1 1108 1108 0 jfetl6 l=1.2 w=3.2 
53689 1109 1109 1 0 jfetl6 l=1.2 w=3.2 
53690 0 1110 1104 0 jfet04 I=1.2 w=48.0 
j3691 1111 111000 jfetO4 I=1.2 w=48.0 
43692 1 1104 1111 0 jfet04 l=1.2 w=48.0 
43693 1111 1105 1 0 jfetO4 1=1.2 w=48.0 
53694 O 1110 1111 0 jfet04 1=1.2 w=48.0 
53695 1105 111000 jfet04 l=1.2 w=48.0 
j3696 0 1111 1106 0 jfet04 1=1.2 w=48.0 
j3697 466 1111 00 jfet04 1=1.2 w=48.0 
43698 1 1106 466 0 jfet04 I=1.2 w=48.0 
j3699 466 1107 1 0 jfet04 I=1.2 w=48.0 
43700 0 1111 466 0 jfet04 I=1.2 w=48.0 
j3701 1107 1111 00 jfet04 I=1.2 w=48.0 
53702 0 1111 1108 0 jfet04 I=1.2 w=48,0 
j3703 466 1111 0.0 jfet04 l=1.2 w=48.0 
j3704 1 1108 466 0 jfet04 1=1.2 w=48.0 
j3705 466 1109 1 0 jfet04 I=1.2 w=48.0 
j3706 0 1111 466 0 jfet04 1=1.2 w=48.0 
j3707 1109 1111 00 jfet04 1=1.2 w=48.0 
43708 0 1112 11100 jfet04 I= 1.2 w=38.4 
53709 0 1110 1113 0 jfet04 l= 1.2 w=19.2 
537100 1112 1114 0 jfet04 I=1.2 w=19.2 
j3711 1110 1114 1 0 jfetl6 l=1.6 w=4.0 
j3712 1113 1114 1113 248 diol6 I=1.2 w=2.4 
j3713 1114 1114 1 Ojfetl6 f=2.4 w=4.0 
j3714 1 1115 1116 0 jfet04 t=1.2 w=20.0 
j3715 1 1117 00 jfet04 1=2.0 w=20.0 
53716 1 1118 1119 0 jfet04 I=1.2 w=20.0 
j3717 1116 1116 1120 0 jfetl6 I=1.6 w=3.6 
53718 0 1117 1 0 jfet04 I=2.0 w=20.0 
j3719 1119 1119 1121 0 jfetl6 1=1.6 w=4.0 
j3720 1120 1120 1112 0 jfet6 [=1.6 w=3.6 
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j3721 1121 1121 1122 0 jfeti6 1=1.6 w=4.0 
53722 1 1117 00 jfet04 1=2.0 w=20.0 

53723 1112 1122 00 jfet04 1=1.2 w=20.0 
43724 1122 1122 00 jfet04 1=1.2 w=20.0 
43725 0 1117 1123 0 jfet04 1=2.0 w=20.0 
j3726 1123 1117 00 jfet04 1=2.0 w=20.0 
53727 0 1417 1123 0 jfer04 1=2.0 w=20.0 
j3728 1123 1081 1118 0 jfet04 1=1.6 w=50.0 
53729 1123 1124 1115 0 jfet04 l=1.6 w=50.0 
33730 1115 1124 1123 0 jfet04 1=1.6 w=50.0 
53731 1123 1124 1115 0 jfet04 I=1.6 w=50.0 
33732 1118 1081 1123 0 jfer04 1=1.6 w=50.0 
53733 1123 1082 1118 0 jfet04 1=1.6 w=50.0 
53734 1115 1 1115 248 diol6 I=1.6 w=3.2 
53735 1118 1 1118 248 diol6 l=1.6 w=3.2 
53736 1 1124 1 248 diol6 l=1.2 w=47.2 
53737 1 1124 1 248 diol6 1=1.2 w=50.0 
j3738 1 1124 1 248 dioi6 1=1.2 w=50.0 
j3739 1 1124 1 248 diol6 I=1.2 w=50.0 
53740 1 1124 1 248 diol6 I=1.2 w=50.0 
53741 1 1124 1 248 diol6 I=1.2 w=50.0 
43742 1124 0 1124 248 diolé I=1.2 w=38.0 
j3743 1124 0 1124 248 diol6 l=1.2 w=50.0 
53744 1124 0 1124 248 diol6 l=1.2 w=50.0 
43745 1124 0 1124 248 diol6 l=1.2 w=50.0 
53746 1124 0 1124 248 diol6 I=1.2 w=50.0 
j3747 1124 0 1124 248 diol6 I=1.2 w=50.0 
j3748 1 1125 1125 0 jfet16 l= 1.2 w=3.2 
j3749 1126 1126 1 0 jfetl6 I=1.2 w=3.2 
j3750 1 1127 1127 0 jfetl6 I=! 2 w=3.2 
53751 1128 1128 1 0 jfeti6 l=1.2 w=3.2 
j3752 1 1129 1129 0 jfeti6 1=1.2 w=3.2 
53753 1130 1130 1 0 jfetl6 1=1.2 w=3.2 
j3754 0 1131 1125 0 jfet04 t= 1.2 w=48.0 
j3755 1132 1131 00 jfetO4 1=1.2 w=48.0 
j3756 1 1125 1132 0 jfetO4 I= 1.2 w=48.0 
j3757 1132 1126 1 0 jfet04 I= 1.2 w=48.0 
j3758 0 1131 1132 0 jfet04 I= 1.2 w=48.0 
j3759 1126 1131 00 jfetO4 l= 1.2 w=48.0 
53760 0 1132 1127 0 jfet04 l=1.2 w=48.0 
j3761 9G1 1132 0.0 jfet04 1=1.2 w=48.0 
}3762 1 1127 901 0 jfet04 1=1.2 w=48.0 
j3763 901 1128 1 0 jfet04 1=1.2 w=48.0 
33764 0 1132 901 0 jfet04 I= 1.2 w=48.0 
43765 1128 1132 0.0 jfet04 1=1.2 w=48.0 
j3766 0 1132 1129 0 jfet04 I= 1.2 w=48.0 
53767 901 1132 0 0 jfet04 1=1.2 w=48.0 
[2768 1 1129 901 0 jfet04 I= 1.2 w=48.0 
j3769 901 1130 1 0 jfet04 1=1.2 w=48.0 
j3770 0 1132 901 0 sfet04 I= 1.2 w=48.0 
}3771 1130 1132 00 jfer04 I=1.2 w=48.0 
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53772 0 1133 1131 0 jfet04 I= 1.2 w=38.4 
j3773 O 1131 1134 0 jfet04 1=1.2 w=19.2 
53774 O 1133 1135 0 jfet04 I= 1.2 w=19.2 
j3775 1131 1135 1 0 jfetl6 I=1.6 w=4.0 


j3776 1134 1135 1134 248 diol6 1=1.2 w=2.4 


53777 1135 1135 1 0 jfetl6 =2.4 w=4.0 
43778 1 1136 1137 0 jfet04 I=1.2 w=20.0 
53779 1 1138 00 jfet04 1=2.0 w=20.0 

33780 1 1139 1140 0 jfet04 I= 1.2 w=20.0 
53781 1137 1137 1141 0 jfetl6 l=1.6 w=3.6 
43782 0 1138 1 0 jfet04 I=2.0 w=20.0 

43783 1140 1140 1142 0 jfeti6 I=1.6 w=4.0 
j3784 1141 1141 1133 0 jfetl6 I= 1.6 w=3.6 
j3785 1142 1142 1143 0 jfetl6 I= 1.6 w=4.0 
j3786 1 1138 0 0 jfet04 1=2.0 w=20.0 

43787 1133 1143 00 jfet04 1=1.2 w=20.0 
53788 1143 1143 00 jfet04 I= 1.2 w=20.0 
53789 0 1138 1144 0 jfet04 1=2.0 w=20.0 
53790 1144 1138 0.0 jfet04 1=2.0 w=20.0 
53791 0 1138 1144 0 jfet04 1=2.0 w=20.0 
j3792 1144 1081 1139 0 jfet04 l=1.6 w=50.0 
53793 1144 1145 1136 0 jfet04 l= 1.6 w=50.0 
43794 1136 1145 1144 0 jfet04 1=1.6 w=50.0 
j3795 1144 1145 1136 0 jfet04 l= 1.6 w=50.0 
53796 1139 1081 1144 0 jfet04 1=1.6 w=50.0 
j3797 1144 1081 1139 0 jfet04 t=1.6 w=50.0 
53798 1136 1 1136 248 diol6 1=1.6 w=3.2 
53799 1139 1 1139 248 diol6 I=1.6 w=3.2 
j3800 1 1145 1 248 diol6 I=1.2 w=47.2 
j3801 1 1145 1 248 diol6 I=1.2 w=50.0 
53802 1 1145 1 248 diol6 I=1.2 w=50.0 
53803 1 1145 1 248 diol6 1=1.2 w=50.0 
j3804 1 1145 1 248 diol6 i=1.2 w=50.0 
J3805 1 1145 1 248 diol6 l=1.2 w=50.0 
53806 1145 0 1145 248 diol6 I=1.2 w=38.0 
53807 1145 0 1145 248 diol6 1=1.2 w=50.0 
53808 1145 0 1145 248 diol6 t=1.2 w=50.0 
j3809 1145 0 1145 248 diolé I=1.2 w=50.0 
53810 1145 0 1145 248 diol6 1=1.2 w=50.0 
j3811 1145 0 1145 248 diol6 I=1.2 w=50.0 
j3812 1 1146 1146 0 jfet16 l=1.2 w=3.2 
53813 1147 1147 1 O jfetl6 I=1.2 w=3.2 
73814 1 1148 1148 0 jfetl6 le1.2 w=3.2 
j3815 1149 1149 1 0 jfeti6 1=1.2 w=3.2 
j3816 1 1150 11500 jfetl6 l=1.2 w=3.2 
j3817 1151 1151 1 0 jfeti6 l=1.2 w=3.2 
j3818 0 1152 1146 0 jfetO4 I= 1.2 w=48.0 
j3819 1153 1152 00 jfet04 I= 1.2 w=48.0 
53820 1 1146 1153 0 jfet04 I= 1.2 w=48.0 
j3821 1153 1147 1 0 jfetO4 I=1.2 w=48.0 
j3822 0 1152 1153 0 jfet04 I= 1.2 w=48.0 
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53823 1147 1152 0 0 jfet04 l=1.2 w=48.0 
j3824 0 1153 1148 0 jfer04 i=1.2 w=48.0 
j3825 227 1153 0 0 jfet04 I=1.2 w=48.0 
j3826 1 1148 227 0 jfet04 l=1.2 w=48.0 
53827 227 1149 1 0 jfet04 1=1.2 w=48.0 
j3828 0 1153 227 0 jfet04 1=1.2 w=48.0 
j3829 1149 1153 0 0 jfer04 1=1.2 w=48.0 
j3830 0 1153 1150 0 jfet04 l= 1.2 w=48.0 
j3831 227 1153 0 0 jfet04 1=1.2 w=48.0 
j3832 1 1150 227 0 jfet04 1=1.2 w=48.0 
j3833 227 LIS1 1 0 jfet04 l=1.2 w=48.0 
§3834 O 1153 227 0 jfetO4 l=1.2 w=48.0 
j3835 1151 1153 0 0 jfetO4 J=1.2 w=48.0 
j3836 O 1154 1152 0 jfet04 1=1.2 w=38.4 
j3837 O 1152 1155 0 jfet04 l=1.2 w=19.2 
j3838 0 1154 1156 0 jfet04 l=1.2 w=19.2 
j3839 1152 1156 1 O jfetl6 1=1.6 w=4.0 


j3840 1155 1156 1155 248 diol6 I=1.2 w=2.4 


53841 1156 1156 1 0 jfetl6 1=2.4 w=4.0 
53842 1 1157 1158 0 jfet™ 1=1.2 w=20.0 
53843 1 1159 00 jfet04 1=2.0 w=20.0 

53844 1 1160 1161 0 jfet04 I=1.2 w=20.0 
73845 1158 1158 1162 0 jfeti6 l=1.6 w=3.6 
53846 0 1159 1 0 jfet04 1=2.0 w=20.0 

53847 1161 1161 1163 0 jfetl6 l=1.6 w=4.0 
}3848 1162 1162 1154 0 jfetl6 l=1.6 w=3.6 
43849 1163 1163 1164 0 jfet!6 1=1.6 w=4.0 
53850 1 1159 0.0 jfet04 1=2.0 w=20.0 

53851 1154 1164 00 jfet04 1=1.2 w=20.0 
53852 1164 1164 0 0 jfet04 1=1.2 w=20.0 
53853 0 1159 1165 0 jfet04 l=2.0 w=20.0 
53854 1165 1159 0 0 jfet04 1=2.0 w=20.0 
53855 0 1159 1165 0 jfet04 1=2.0 w=20.0 
j3856 1165 1081 1160 0 jfet04 I=1.6 w=50.0 
53857 1165 1166 1157 0 jfet04 l= 1.6 w=50.0 
53858 1157 1166 1165 0 jfet04 I=1.6 w=50.0 
53859 1165 1166 1157 0 jfet04 I= 1.6 w=50.0 
53860 1160 1081 1165 0 jfet04 i=1.6 w=50.0 
j3861 1165 1081 1160 0 jfet04 1=1.6 w=50.0 
53862 1157 1 1157 248 diol6 l=1.6 w=3.2 
43863 1160 1 1160 248 diol6 l=1.6 w=3.2 
43864 1 1166 1 248 diol6 l=1.2 w=47.2 
53865 1 1166 1 248 diol6 I=1.2 w=50.0 
53866 1 1166 1 248 diol6 I=1.2 w=50.0 
3867 1 1166 1 248 diol6 l=1.2 w=50.0 
53868 1 1166 1 248 diol6 I=1.2 w=50.0 
53869 1 1166 1 248 diol6 i=1.2 w=50.0 
53870 1166 0 1166 248 diol6 l=1.2 w=38.0 
j3871 1166 0 1166 248 diol6 [=1.2 w=50.0 
j3872 1166 0 1166 248 diol6 1=1.2 w=50.0 
j3873 1166 0 1166 248 diol6 l=1.2 w=50.0 
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53874 1166 0 1166 248 diol6 I=1.2 w=50.0 
43875 1166 0 1166 248 diol6 I=1.2 w=50.0 
j3876 1 1167 1167 0 jfetl6 1=1.2 w=3.2 
j3877 1168 1168 1 0 jfetl6 I=1.2 w=3.2 
j3878 1 1169 1169 0 jfetl6 l=1.2 w=3.2 
53879 1170 1170 1 0 jfetl6 I=1.2 w=3.2 
53880 1 1171 1171 0 jfetl6 l=1.2 w=3.2 
j3881 1172 1172 10 jfetl6 t=1.2 w=3.2 
53882 0 1173 1167 0 jfet04 I=1.2 w=48.0 
53883 1174 1173 00 jfet04 l= 1.2 w=48.0 
53884 1 1167 1174 0 jfet04 I=1.2 w=48.0 
43885 1174 1168 1 0 jfet04 I= 1.2 w=48.0 
53886 0 1173 1174 0 jfet04 1=1.2 w=48.0 
53887 1168 1173 00 jfet04 l= 1.2 w=48.0 
43888 0 1174 1169 0 jfet04 I=1.2 w=48.0 
53889 253 1174 0 0 jfet04 l=1.2 w=48.0 
53890 1 1169 253 0 jfet04 l=1.2 w=48.0 
43891 253 1170 1 0 jfet04 1=1.2 w=48.0 
53892 0 1174 253 0 jfet04 l=1.2 w=48.0 
3893 1170 1174 0 0 jfet04 l=1.2 w=48.0 
53894 0 1174 1171 0 jfet04 I=1.2 w=48.0 
j3895 253 1174 0 0 jfew4 l=1.2 w=48.0 
3896 1 1171 253 0 jfetO4 1=1.2 w=48.0 
j3897 253 1172 1 0 jfet04 1=1.2 w=48.0 
53898 O 1174 253 0 jfet04 l=1.2 w=48.0 
j3899 1172 1174 00 jfetO4 1=1.2 w=48.0 
3900 0 1175 1173 0 jfet04 I= 1.2 w=38.4 
53901 0 1173 1176 0 jfet04 I=1.2 w=192 
53902 0 1175 1177 0 jfet04 I=1.2 w=19.2 
43903 1173 1177 1 0 jfetl6 I=1.6 w=4.0 
53904 1176 1177 1176 248 diol6 I=1.2 w=2.4 
53905 1177 1177 1 0 jfetl6 I=2.4 w=4.0 
53906 1 1178 1179 0 jfet04 I= 1.2 w=20.0 
53907 1 1180 00 jfet04 =2.0 w=20.0 

53908 1 1181 1182 0 jfet04 1=1.2 w=20.0 
j3909 1179 1179 1183 0 jfetl6 I=1.6 w=3.6 
j3910 0 1180 1 0 jfet04 1=2.0 w=20.0 

j3911 1182 1182 1184 0 jfetl6 1=1.6 w=4.0 
53912 1183 1183 1175 0 jfetl6 l=1.6 w=3.6 
53913 1184 1184 1185 0 jfetl6 l= 1.6 w=4.0 
53914 1 1180 00 jfet04 =2.0 w=20.0 

j3915 1175 1185 00 jfet04 l=1.2 w=20.0 
53916 1185 1185 0.0 jfet04 1=1.2 w=20.0 
53917 0 1180 1186 0 jfet04 1=2.0 w=20.0 
j3918 1186 1180 0 0 jfet04 1=2.0 w=20.0 
j3919 0 1180 1186 0 jfet04 1=2.0 w=20.0 
53920 1186 1081 1181 0 jfet04 I=1.6 w=50.0 
j3921 1186 1187 1178 0 jfet04 I= 1.6 w=50.0 
j3922 1178 1187 1186 0 jfet04 l=1.6 w=50.0 
j3923 1186 1187 1178 0 jfet04 I=1.6 w=50.0 
j3924 1181 1081 1186 0 jfet04 l=1.6 w=50.0 
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53925 1186 1081 1181 0 jfet04 I=1.6 w=50.0 
43926 1178 1 1178 248 diol6 l=1.6 w=3.2 
53927 1181 1 1181 248 diol6 I=1.6 w=3.2 
43928 1 1187 1 248 diol6 l=1.2 w=47.2 
53929 1 1187 1 248 diol6 l=1.2 w=50.0 
53930 1 1187 1 248 diol6 1=1.2 w=50.0 
j3931 1 1187 1 248 diol6 1=1.2 w=50.0 
53932 1 1187 1 248 diol6 I=1.2 w=50.0 
53933 1 1187 1 248 diol6 l=1.2 w=50.0 
43934 1187 0 1187 248 diol6 I=1.2 w=38.0 
53935 1187 0 1187 248 diol6 I=1.2 w=50.0 
j3936 1187 0 1187 248 diol6 I=1.2 w=50.0 
j3937 1187 O 1187 248 diol6 l=1.2 w=50.0 
53938 1187 0 1187 248 diol6 l=1.2 w=50.0 
53939 1187 0 1187 248 diol6 I=!.2 w=50.0 
53940 1 1188 1188 0 jfetl6 1=1.2 w=3.2 
j3941 1189 1189 1 0 jfetl6 1=1.2 w=3.2 
53942 1 1190 11900 jfetl6 l= 1.2 w=3.2 
43943 1191 1191 1 0 jfeti6 1=1.2 w=3.2 
43944 1 1192 1192 0 jfetl6 1=1.2 w=3.2 
43945 1193 1193 1 0 jfetl6 I=1.2 w=3.2 
}3946 0 1194 1188 0 jfet04 1=1.2 w=48.0 
43947 1195 1194 00 jfet04 I= 1.2 w=48.0 
53948 1 1188 1195 0 jfet04 1=1.2 w=48.0 
53949 1195 1189 1 0 jfet04 l=1.2 w=48.0 
53950 0 1194 1195 0 jfet04 I=1.2 w=48.0 
53951 1189 1194 00 jfet04 l= 1.2 w=48.0 
53952 0 1195 1190 0 jfet04 I=1.2 w=48.0 
53953 965 1195 00 jfet04 I=1.2 w=48.0 
53954 1 1190 965 0 jfet04 1=1.2 w=48.0 
43955 965 1191 1 0 jfet04 I= 1.2 w=48.0 
53956 0 1195 965 0 jfet04 I=1.2 w=48.0 
53957 1191 1195 00 jfet04 I=1.2 w=48.0 
53958 0 1195 1192 0 jfet04 l= 1.2 w=48.0 
}3959 965 1195 0.0 jfet04 l= 1.2 w=48.0 
53960 1 1192 965 0 jfet04 I=1.2 w=48.0 
53961 965 1193 1 0 jfet04 1=1.2 w=48.0 
53962 0 1195 965 0 jfet04 1=1.2 w=48.0 
53963 1193 1195 00 jfet04 I= 1.2 w=48.0 
53964 0 1196 1194 0 jfet04 I= 1.2 w=38.4 
53965 0 1194 1197 0 jfet04 t=1.2 w=19.2 
53966 0 1196 1198 0 jfet04 1=1.2 w=19.2 
j3967 1194 1198 1 0 jfetl6 i=1.6 w=4.0 
53968 1197 1198 1197 248 diol6 l=1.2 w=2.4 
j3969 1198 1198 1 0 jfet6 1=2.4 w=4.0 
53970 1 1199 1200 0 jfet04 l=1.2 w=20.0 
j3971 1 1201 0 0 jfet04 I=2.0 w=20.0 
j3972 1 1202 1203 0 jfet04 1=1.2 w=20.0 
53973 1200 1200 1204 0 jfeti6 1=1.6 w=3.6 
53974 0 1201 1 0 jfet04 1=2.0 w=20.0 
j3975 1203 1203 1205 0 jfetl6 I= 1.6 w=4.0 
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j3976 1204 1204 1196 0 jfetl6 l=1.6 w=3.6 
53977 1205 1205 1206 0 jfet6 I=1.6 w=4.0 
}3978 1 1201 0 0 jfet04 1=2.0 w=20.0 

}3979 1196 1206 0 0 jfet04 I=1.2 w=20.0 
53980 1206 1206 0 0 jfet04 I=1.2 w=20.0 
43981 0 1201 1207 0 jfet04 1=2.0 w=20.0 
j3982 1207 1201 00 jfet04 1=2.0 w=20.0 
53983 0 1201 1207 0 jfet04 1=2.0 w=20.0 
43984 1207 1081 1202 0 jfet04 I=1.6 w=50.0 
53985 1207 1208 1199 0 jfet04 I=1.6 w=50.0 
53986 1199 1208 1207 0 jfet04 I=1.6 w=50.0 
j3987 1207 1208 1199 0 jfet04 I=1.6 w=50.0 
53988 1202 1081 1207 0 jfet04 I=1.6 w=50.0 
53989 1207 1081 1202 0 jfet04 1=1.6 w=50.0 
53990 1199 1 1199 248 diol6 1=1.6 w=3.2 
53991 1202 1 1202 248 diol6 l=1.6 w=3.2 
43992 1 1208 1 248 diol6 l=1.2 w=47.2 
53993 1 1208 1 248 diol6 I=1.2 w=50.0 
53994 1 1208 1 248 diol6 I=1.2 w=50.0 
53995 1 1208 1 248 diol6 I=1.2 w=50.0 
53996 1 1208 1 248 diol6 I=1.2 w=50.0 
53997 1 1208 1 248 diol6 I=1.2 w=50.0 
j3998 1208 0 1208 248 dio16 l=1.2 w=38.0 
}3999 1208 0 1208 248 diol6 I=1.2 w=50.0 
}4000 1208 0 1208 248 diol6 l=1.2 w=50.0 
}4001 1208 0 1208 248 diol6 I=1.2 w=50.0 
j4002 1208 0 1208 248 diol6 1=1.2 w=50.0 
34003 1208 0 1208 248 diol6 1=1.2 w=50.0 
34004 1 1209 1209 0 jfeti6 I=1.2 w=3.2 
44005 1210 1210 1 0 jfetl6 I=1.2 w=3.2 
44006 1 1211 1211 0 jfeti6 l= 1.2 w=3.2 
54007 1212 1212 1 0 jfetl6 I=1.2 w=3.2 
44008 1 1213 1213 0 jfetl6 I=1.2 w=3.2 
j4009 1214 1214 1 0 jfetl6 l=1.2 w=3.2 
}4010 0 1215 1209 0 jfet04 1=1.2 w=48.0 
j4011 1216 1215 00 jfet04 1=1.2 w=48.0 
44012 1 1209 1216 0 jfet04 I=1.2 w=43.0 
j401 1216 1210 1 0 jfet04 I=1.2 w=48.0 
j4014 0 1215 1216 0 jfet04 1=1.2 w=48.0 
44015 1210 1215 00 jfet04 1=1.2 w=48.0 
}4016 0 1216 1211 0 jfetO4 i=1.2 w=48.0 
44017 604 1216 00 jfet04 1=1.2 w=48.0 
54018 1 1211 604 0 jfet04 1=1.2 w=48.0 
54019 604 1212 1 0 jfet04 I=1.2 w=48.0 
}4020 O 1216 604 0 jfet04 I=1.2 w=48.0 
j4021 1212 1216 0 0 jfet04 1=1.2 w=48.0 
440220 1216 1213 0 jfet04 I=1.2 w=48.0 
4023 604 1216 00 jfet04 1=1.2 w=48.0 
54024 1 1213 604 0 jfet04 I= 1.2 w=48.0 
44025 604 1214 1 0 jfet04 I= 1.2 w=48.0 
j4026 0 1216 604 0 jfet04 1=1.2 w=48.0 





54027 1214 1216 00 jfet04 1=1.2 w=48.0 
54028 0 1217 1215 0 jfet04 1=1.2 w=38.4 
34029 0 1215 1218 0 jfet04 l=1.2 w=19.2 
54030 0 1217 1219 0 jfet04 l=1.2 w=19.2 
54031 1215 1219 1 0 jfetl6 1=1.6 w=4.0 


j4032 1218 1219 1218 248 diol6 I=1.2 w=2.4 


j4033 1219 1219 1 O jfetl6 1=2.4 w=4.0 
j4034 1 1220 1221 0 jfet04 1=1.2 w=20.0 
j4035 1 1222 0 0 jfet04 1=2.0 w=20.0 

j4036 1 1223 1224 0 jfet04 1=1.2 w=20.0 
j4037 1221 1221 1225 0 jfetl6 1=1.6 w=3.6 
j4038 0 1222 1 0 jfet04 1=2.0 w=20.0 

jA039 1224 1224 1226 0 jfeti6 1=1.6 w=4.0 
j4040 1225 1225 1217 0 jfetl6 l=1.6 w=3.6 
j4041 1226 1226 1227 0 jfetl6 1=1.6 w=4.0 
j4042 1 1222 0 0 jfet04 l=2.0 w=20.0 

j4043 1217 1227 00 jfet04 l=1.2 w=20.0 
j4044 1227 1227 00 jfet04 1=1.2 w=20.0 
j4045 0 1222 1228 0 jfet04 1=2.0 w=20.0 
j4046 1228 1222 0 0 jfet04 1=2.0 w=20.0 
j4047 0 1222 1228 0 jfet04 1=2.0 w=20.0 
j4048 1228 1081 1223 0 jfet04 1l=1.6 w=50.0 
J4049 1228 1229 1220 0 jfet04 l=1.6 w=50.0 
j4050 1220 1229 1228 0 jfet04 1=1.6 w=50.0 
j4051 1228 1229 1220 0 jfet04 1=1.6 w=50.0 
§4052 1223 1081 1228 0 jfet04 I=1.6 w=50.0 
§4053 1228 1081 1223 0 jfet04 1=1.6 w=50.0 
J4054 1220 ! 1220 248 diol6 1=1.6 w=3.2 
J4055 1223 1 1223 248 diol6 i=1.6 w=3.2 
§4056 | 1229 1 248 diol6 I=1.2 w=47.2 
44057 1 1229 1 248 diol6 l=1.2 w=50.0 
$4058 1 1229 1 248 diol6 l=1.2 w=50.0 
j4059 1 1229 1 248 diol6 I=1.2 w=50.0 
j4060 1 1229 1 248 diol6 1=1.2 w=50.0 
j4061 1 1229 1 248 diol6 l=1.2 w=50.0 
j4062 1229 0 1229 248 diol6 l=1.2 w=38.0 
j4063 1229 0 1229 248 diol6 l=1.2 w=50.0 
j4064 1229 0 1229 248 diol6 I=1.2 w=50.0 
j4065 1229 0 1229 248 dioi6 i=1.2 w=50.0 
j4066 1229 0 1229 248 diol6 l=1.2 w=50.0 
J4067 1229 0 1229 248 diol6 I=1.2 w=50.0 
j4068 1 1230 1230 0 jfetl6 I=1.2 w=3.2 
j4069 1231 1231 1 0 jfetl6 I=1.2 w=3.2 
j4070 1 1232 1232 0 jfetl6 1=1.2 w=3.2 
j4071 1233 1233 1 O jfetl6 l=1.2 w=3.2 
j4072 1 1234 1234 0 jfetl6 l=1.2 w=3.2 
j4073 1235 1235 1 0 jfetl6 l=1.2 w=3.2 
44074 0 1236 1230 0 jfet04 l=1.2 w=48.0 
j4075 1237 1236 00 jfet04 I=1.2 w=48.0 
J4076 1 1230 1237 0 jfet04 l=1.2 w=48.0 
j4077 1237 1231 1 0 jfet04 1=1.2 w=48.0 
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54078 0 1236 1237 0 jfet04 1=1.2 w=48.0 
44079 1231 1236 00 jfet04 I=1.2 w=48.0 
34080 0 1237 1232 0 jfet04 1=1.2 w=48.0 
}4081 372 1237 00 jfet04 l= 1.2 w=48.0 
34082 1 1232 372 0 jfet04 l=1.2 w=48.0 
44083 372 1233 1 0 jfet04 1=1.2 w=48.0 
j4084 0 1237 372 0 jfet04 I=1.2 w=48.0 
44085 1233 1237 00 jfet04 l=1.2 w=48.0 
j4086 0 1237 1234 0 jfet04 1=1.2 w=48.0 
}4087 372 1237 00 jfet04 I=1.2 w=48.0 
34088 1 1234 372 0 jfet04 1=1.2 w=48.0 
34089 372 1235 1 0 jfet04 I=1.2 w=48.0 
54090 0 1237 372 0 jfet04 I= 1.2 w=48.0 
34091 1235 1237 00 jfet04 l=1.2 w=48.0 
34092 0 1238 1236 0 jfet04 l=1.2 w=38.4 
34093 0 1236 1239 0 jfet04 I=1.2 w=19.2 
j4094 0 1238 1240 0 jfet04 1=1.2 w=19.2 
j4095 1236 1240 1 0 jfetl6 l=1.6 w=4.0 
54096 1239 1240 1239 248 diol6 I=1.2 w=2.4 
}4097 1240 1240 1 0 jfet16 1=2.4 w=4.0 
54098 1 1241 1242 0 jfet04 I=1.2 w=20.0 
54099 1 1243 0.0 jfet04 1=2.0 w=20.0 

j4100 1 1244 1245 0 jfet04 I=1.2 w=20.0 
44101 1242 1242 1246 0 jfetl6 1=1.6 w=3.6 
j4102 0 1243 1 0 jfet04 1=2.0 w=20.0 

54103 1245 1245 1247 Ojfetl6 I=1.6 w=4.0 
54104 1246 1246 1238 0 jfetl6 1=1.6 w=3.6 
j4105 1247 1247 1248 0 jfetl6 l=1.6 w=4.0 
j4106 1 1243 00 jfet04 1=2.0 w=20.0 

54107 1238 1248 00 jfet04 1=1.2 w=20.0 
j4108 1248 1248 00 jfet04 I=1.2 w=20.0 
j4109 0 1243 1249 0 jfet04 I=2.0 w=20.0 
44110 1249 1243 00 jfet04 1=2.0 w=20.0 
j4111 0 1243 1249 0 jfet04 1=2.0 w=20.0 
j4112 1249 1081 1244 0 jfet04 I=1.6 w=50.0 
44113 1249 1250 1241 0 jfet04 I=1.6 w=50.0 
44114 1241 1250 1249 0 jfet04 I=1.6 w=50.0 
j4115 1249 1250 1241 0 jfet04 I=1.6 w=50.0 
j4116 1244 1081 1249 0 jfet04 1=1.6 w=50.0 
j4117 1249 1081 1244 0 jfet04 I= 1.6 w=50.0 
j4118 1241 1 1241 248 diol6 I=1.6 w=3.2 
j4119 1244 1 1244 248 diol6 I=1.6 w=3.2 
j4120 1 1250 1 248 diol6 l=1.2 w=47.2 
j4121 1 1250 1 248 diol6 I=1.2 w=50.0 
54122 1 1250 1 248 diol6 l=1.2 w=50.0 
j4123 1 1250 1 248 diol6 l= 1.2 w=50.0 
}4124 1 1250 1 248 diol6 I=1.2 w=50.0 
j4125 1 1250 1 248 diol6 1=1.2 w=50.0 
44126 1250 0 1250 248 diol6 I=1.2 w=38.0 
34127 1250 0 1250 248 diol6 I=1.2 w=50.0 
j4128 1250.0 1250 248 diol6 I=1.2 w=50.0 











54129 1250 0 1250 248 diol6 l=1.2 w=50.0 
54130 1250 0 1250 248 diol6 l=1.2 w=50.0 
34131 1250 0 1250 248 diol6 l=1.2 w=50.0 
34132 1 1251 1251 0 jfet6 1=1.2 w=3.2 
34133 1252 1252 1 O jfetl6 1=1.2 w=3.2 
34134 1 1253 1253 0 jfetls l=1.2 w=3.2 
34135 1254 1254 1 0 jfet6 1=1.2 w=3.2 
54136 1 1255 1255 0 jfetl6 l=1.2 w=3.2 
54137 1256 1256 1 0 jfetl6 1=1.2 w=3.2 
34138 0 1257 1251 0 jfet04 I=1.2 w=48.0 
54139 1258 1257 0 0 jfet04 I=1.2 w=48.0 
34140 1 1251 1258 0 jfet04 l=1.2 w=48.0 
34141 1258 1252 1 0 jfet04 1=1.2 w=48.0 
}4142 0 1257 1258 0 jfet04 1=1.2 w=48.0 
44143 1252 1257 00 jfet04 1=1.2 w=48.0 
54144 0 1258 1253 0 jfet04 1=1.2 w=48.0 
44145 225 1258 00 jfet04 1=1.2 w=48.0 
44146 1 1253 225 0 jfet04 1=1.2 w=48.0 
54147 225 1254 1 0 jfet04 I=1.2 w=48.0 
44148 0 1258 225 0 jfet04 1=1.2 w=48.0 
34149 1254 1258 0 0 jfet04 I=1.2 w=48.0 
441500 1258 1255 0 jfet04 1=1.2 w=48.0 
34151 225 1258 0 0 jfet04 i=1.2 w=48.0 
34152 1 1255 225 0 jfet04 1=1.2 w=48.0 
34153 225 1256 1 0 jfet04 1=1.2 w=48.0 
54154 0 1258 225 0 jfet04 1=1.2 w=48.0 
34155 1256 1258 00 jfet04 1=1.2 w=48.0 
34156 0 1259 1257 0 jfet04 1=1.2 w=38.4 
34157 0 1257 1260 0 jfet04 I=1.2 w=19.2 
44158 0 1259 1261 0 jfet04 l=1.2 w=19.2 
j4159 1257 1261 1 0 jfetl6 1=1.6 w=4.0 
34160 1260 1261 1260 248 diol16 1=1.2 w=2.4 
44161 1261 1261 1 0 jfetl6 I=2.4 w=4.0 
74162 1 1262 1263 0 jfet04 1=1.2 w=20.0 
j4163 1 1264 0 0 jfer04 1=2.0 w=20.0 
44164 1 1265 1266 0 jfet04 1=1.2 w=20.0 
34165 1263 1263 1267 0 jfetl6 1=1.6 w=3.6 
54166 0 1264 1 0 jfet04 1=2.0 w=20.0 
34167 1266 1266 1268 0 jfet16 1=1.6 w=4.0 
}4168 1267 1267 1259 0 jfetl6 I= 1.6 w=3.6 
44169 1268 1268 1269 0 jfetl6 1=1.6 w=4.0 
34170 1 1264 0 0 jfer04 1=2.0 w=20.0 
34171 1259 1269 0 0 jfet04 1=1.2 w=20.0 
44172 1269 1269 0 0 jfet04 1=1.2 w=20.0 
54173 0 1264 1270 0 jfet04 1=2.0 w=20.0 
54174 1270 1264 0 0 jfet04 1=2.0 w=20.0 
54175 0 1264 1270 0 jfet04 1=2.0 w=20.0 
j4176 1270 1081 1265 0 jfet04 1=1.6 w=50.0 
j4177 1270 1271 1262 0 jfet04 1=1.6 w=50.0 
j4178 1262 1271 1270 0 jfet04 I= 1.6 w=50.0 
34179 1270 1271 1262 0 jfet04 1=1.6 w=50.0 
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44180 1265 1081 1270 0 jfet04 1=1.6 w=50.0 
54181 1270 1081 1265 0 jfet04 1=1.6 w=50.0 
j4182 1262 1 1262 248 diol6 I=1.6 w=3.2 
54183 1265 1 1265 248 diol6 l=1.6 w=3.2 
34184 1 1271 1 248 diol6 l=1.2 w=47.2 
j4185 1 1271 1 248 diol6 I=1.2 w=50.0 
44186 1 1271 1 248 diol6 l=1.2 w=50.0 
34187 1 1271 1 248 diol6 l=1.2 w=50.0 
34188 1 1271 1 248 diol6 1=1.2 w=50.0 
54189 1 1271 1 248 diol6 l=1.2 w=50.0 
54190 1271 0 1271 248 diol6 l=1.2 w=38.0 
j4191 1271 0 1271 248 diol6 l=1.2 w=50.0 
34192 1271 0 1271 248 diol6 l=1.2 w=50.0 
54193 1271 0 1271 248 diol6 I=1.2 w=50.0 
j4194 1271 0 1271 248 diol6 1=1.2 w=50.0 
j4195 1271 0 1271 248 diol6 l=1.2 w=50.0 
j4196 1 1272 1272 0 jfet16 I=1.2 w=3.2 
}4197 1273 1273 1 0 jfetl6 l=1.2 w=3.2 
j4198 1 1274 1274 0 jfetl6 l=1.2 w=3.2 
34199 1275 1275 1 0 jfetl6 l=1.2 w=3.2 
34200 1 1276 1276 0 jfet16 I=1.2 w=3.2 
34201 1277 1277 1 0 jfetl6 i=1.2 w=3.2 
54202 0 1278 1272 0 jfet04 1=1.2 w=48.0 
34203 1279 1278 0 0 jfet04 I=1.2 w=48.0 
44204 1 1272 1279 0 jfet04 f=1.2 w=48.0 
34205 1279 1273 1 0 jfet04 1=1.2 w=48.0 
54206 0 1278 1279 0 jfet04 1=1.2 w=48.0 
j4207 1273 1278 00 jfet04 i=1.2 w=48.0 
44208 0 1279 1274 0 jfet04 1=1.2 w=48.0 
j4209 296 1279 0.0 jfet04 1=1.2 w=48.0 
44210 1 1274 296 0 jfet04 1=1.2 w=48.0 
j4211 296 1275 1 0 jfex04 I=1.2 w=48.0 
34212 0 1279 296 0 jfet04 1=1.2 w=48.0 
44213 1275 1279 00 jfet04 I=1.2 w=48.0 
54214 0 1279 1276 0 jfet04 I=1.2 w=48.0 
44215 296 1279 0 0 jfet04 1=1.2 w=48.0 
54216 1 1276 296 0 jfet04 1=1.2 w=48.0 
j4217 296 1277 1 0 jfet04 I=1.2 w=48.0 
j4218 0 1279 296 0 jfet04 1=1.2 w=48.0 
44219 1277 1279 00 jfet04 1=1.2 w=48.0 
j4220 0 1280 1278 0 jfet04 I=1.2 w=38.4 
j4221 0 1278 1281 0 jfet04 1=1.2 w=19.2 
44222 0 1280 1282 0 jfet04 =1.2 w=19.2 
4223 1278 1282 1 0 jfetl6 1=1.6 w=4.0 
54224 1281 1282 1281 248 diol6 I=1.2 w=2.4 
54225 1282 1282 1 0 jfetl6 1=2.4 w=4.0 
44226 1 1283 1284 0 jfet04 I=1.2 w=20.0 
44227 1 1285 00 jfet04 1=2.0 w=20.0 
j4228 1 1286 1287 0 jfet04 I=1.2 w=20.0 
j4229 1284 1284 1288 0 jfet6 1=1.6 w=3.6 
}4230 0 1285 1 0 jfet04 1=2.0 w=20.0 
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54231 1287 1287 1289 0 jfetl6 I=1.6 w=4.0 
34232 1288 1288 1280 0 jfetl6 l=1.6 w=3.6 
34233 1289 1289 1290 0 jfetl6 1=1.6 w=4.0 
4234 1 1285 0 0 jfet04 1=2.0 w=20.0 

54235 1280 1290 0 0 jfet04 I=1.2 w=20.0 
34236 1290 1290.00 jfet04 I=1.2 w=20.0 
34237 0 1285 1291 0 jfet04 1=2.0 w=20.0 
54238 1291 1285 00 jfet04 1=2.0 w=20.0 
44239 0 1285 1291 0 jfet04 1=2.0 w=20.0 
34240 1291 1081 1286 0 jfet04 1=1.6 w=50.0 
54241 1291 1292 1283 0 jfe104 1=1.6 w=50.0 
54242 1283 1292 1291 0 jfet04 1=1.6 w=50.0 
54243 1291 1292 1283 0 jfet04 1=1.6 w=50.0 
}4244 1286 1081 1291 0 jfet04 1=1.6 w=50.0 
54245 1291 1081 1286 0 jfet04 I=1.6 w=50.0 
}4246 1283 1 1283 248 diol6 I=1.6 w=3.2 
34247 1286 1 1286 248 diol6 I=1.6 w=3.2 
54248 1 1292 1 248 diol6 l=1.2 w=47.2 
54249 1 1292 1 248 diol6 I=1.2 w=50.0 
34250 1 1292 1 248 diol6 I=1.2 w=50.0 
54251 1 1292 1 248 diol6 I=1.2 w=50.0 
44252 1 1292 1 248 diol6 I=1.2 w=50.0 
54253 1 1292 1 248 diol6 l=1.2 w=50.0 
54254 1292 0 1292 248 diol6 1=1.2 w=38.0 
j4255 1292 0 1292 248 diol6 1=1.2 w=50.0 
44256 1292 0 1292 248 diol6 I=1.2 w=50.0 
54257 1292 0 1292 248 diol6 1=1.2 w=50.0 
54258 1292 0 1292 248 diol6 l=1.2 w=50.0 
54259 1292 0 1292 248 diol6 I=1.2 w=50.0 
44260 1 1293 1293 0 jfetl6 I=1.2 w=3.2 
j4261 1294 1294 1 0 jfet16 I=1.2 w=3.2 
}4262 1 1295 1295 0 jfetl6 l=1.2 w=3.2 
54263 1296 1296 1 0 jfetl6 l=1.2 w=3.2 
}4264 1 1297 1297 0 jfetl6 l=1.2 w=3.2 
}4265 1298 1298 1 0 jfet16 1=1.2 w=3.2 
}4266 0 1299 1293 0 jfet04 l=1.2 w=48.0 
4267 1300 1299 00 jfet04 1=1.2 w=48.0 
54268 1 1293 1300 0 jfet04 I=1.2 w=48.0 
54269 1300 1294 1 0 jfet04 1=1.2 w=48.0 
34270 0 1299 1300 0 jfet04 1=1.2 w=48.0 
54271 1294 1299 00 jfet04 I=1.2 w=48.0 
54272 0 1300 1295 0 jfet04 I=1.2 w=48.0 
54273 822 1300 00 jfet04 I=1.2 w=48.0 
j4274 1 1295 822 0 jfet04 I=1.2 w=48.0 
}4275 822 1296 1 0 jfet04 I=1.2 w=48.0 
34276 0 1300 822 0 jfet04 I=1.2 w=48.0 
}4277 1296 1300 00 jfetO4 1=1.2 w=48.0 
34278 0 1300 1297 0 jfet04 1=1.2 w=48.0 
34279 822 1300 00 jfetO4 I=1.2 w=48.0 
54280 1 1297 822 0 jfet04 1=1.2 w=48.0 
j4281 822 1298 1 0 jfet04 I=1.2 w=48.0 
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j4282 0 1300 822 0 jfet04 1=1.2 w=48.0 
34283 1298 1300 0 0 jfet04 I=1.2 w=48.0 
54284 0 1301 1299 0 jfet0d I=1.2 w=38.4 
34285 0 1299 1302 0 jfet04 I= 1.2 w=19.2 
}4286 0 1301 1303 0 jfet04 1=1.2 w=19.2 
54287 1299 1303 1 0 jfet16 I=1.6 w=4.0 
54288 1302 1303 1302 248 diol6 l=1.2 w=2.4 
34289 1303 1303 1 0 jfetl6 1=2.4 w=4.0 
34290 1 1304 1305 0 jfet04 I=1.2 w=20.0 
44291 1 1306 0 0 jfet04 1=2.0 w=20.0 

44292 1 1307 1308 0 jfet04 l=1.2 w=20.0 
54293 1305 1305 1309 0 jfetl6 1=1.6 w=3.6 
54294 0 1306 1 0 jfet04 1=2.0 w=20.0 

j4295 1308 1308 1310 0 jfetl6 l=1.6 w=4.0 
54296 1309 1309 1301 0 jfetl6 l=1.6 w=3.6 
54297 1310 1310 1311 0 jfetl6 l= 1.6 w=4.0 
44298 1 1306 0 0 jfet04 1=2.0 w=20.0 

34299 1301 1311 00 jfet04 I=1.2 w=20.0 
54300 1311 1311 00 jfet04 l=1.2 w=20.0 
34301 0 1306 1312 0 jfet04 1=2.0 w=20.0 
}4302 1312 1306 00 jfet04 1=2.0 w=20.0 
54303 0 1306 1312 0 jfet04 I=2.0 w=20.0 
54304 1312 1081 1307 0 jfet4 1=1.6 w=50.0 
j4305 1312 1313 1304 0 jfet04 1=1.6 w=50.0 
54306 1304 1313 1312 0 jfet04 1=1.6 w=50.0 
j4307 1312 1313 1304 0 jfew4 1=1.6 w=50.0 
34308 1307 1081 1312 0 jfet04 1=1.6 w=50.0 
34309 1312 1081 1307 0 jfet04 1=1.6 w=50.0 
54310 1304 1 1304 248 diol6 I=1.6 w=3.2 
j4311 1307 1 1307 248 diol6 I=1.6 w=3.2 
34312 1 1313 1 248 diol6 1=1.2 w=47.2 
54313 1 1313 1 248 diol6 I=1.2 w=50.0 
34314 1 1313 1 248 diol6 I=1.2 w=50.0 
44315 1 1313 1 248 diol6 I=1.2 w=50.0 
34316 1 1313 1 248 diol6 I=1.2 w=50.0 
34317 1 1313 1 248 diol6 I=1.2 w=50.0 
44318 1313 0 1313 248 diol6 I=1.2 w=38.0 
34319 1313 0 1313 248 diol6 I=1.2 w=50.0 
54320 1313 0 1313 248 diol6 I=1.2 w=50.0 
34321 1313 0 1313 248 diol6 l=1.2 w=50.0 
44322 1313 0 1313 248 diol6 l=1.2 w=50.0 
34323 1313 0 1313 248 diol6 I=1.2 w=50.0 
10 1 1244 1714.29 

r11 1181 1714.29 

12 1 1265 1714.29 

13 1 1097 1714.29 

r4 1 1243 2350 

15 1 1286 1714.29 

6 1 1180 2350 

r7 1 1264 2350 

18 1 1096 2350 


9 1 1136 1714.29 
r10 1 1285 2350 
rll 1 1202 1714.29 
r12 1 1307 1714.29 
113 1 1201 2350 
rl4 1 1220 1714.29 
r15 1 1306 2350 
r16 1 1075 1714.29 
r17 11145 1714.29 
rl8 1 1241 1714.29 
r19 1 1160 1714.29 
120 1 1178 1714.29 
r21 1 1262 1714.29 
122 1 1094 1714.29 
123 1 1159 2350 
124 1 1139 1714.29 
125 | 1283 1714.29 
126 1 1074 2350 
127 1117 12350 
128 1 1138 2350 
129 1 1199 1714.29 
130 1 1223 1714.29 
r31 1 1304 1714.29 
132 1 1072 1714.29 
133 1118 1 1714.29 
134 1 1222 2350 
135 1 1157 1714.29 
** node: 1313 = al! 


** node: 1292 = inclk! 


** node: 1271 = dO! 
** node: 1250 = dl! 
** node: 1229 = d2! 
** node: 1208 = d3! 
** node: 1187 = a0! 
** node: 1166 = das! 
** node: 1145 = a2! 


** node: 
** node: 


** node 


** node: 
** node: 


1124 = refresh! 
1103 = read! 

: 1082 = write! 
1081 = rvref! 
1014 = cm1_0/o7 


** node: 993 = cm1_O/read 
** node: 992 = cm!_0/write 


** node: 


: 965 = cm{_0/d3 


** node: 929 = cm1_0/3cdo 


** node: 


: 927 = cm1_0/3rc6 


** node: 926 = cm1_0/3rc4 


** node: 
** node: 


: 916 =cm1_0/3rc2 
: 907 = cm1_0/3ep 


** node: 906 = cm1_0/3rc0 


*e node: 


: 901 =cm1_0/a2 
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** node: 857 = cm1_O/3epd 
** node: 853 = cm1_0/3o0pd 
** node: 822 = cm1_0/al 
** node: 816 = cm1_0/q2 
** node: 789 = cm1_O/opu 
** node: 786 = cm1_0/3cde 
** node: 788 = cm1_0/3rc7 
** node: 787 = cm1_0/3rc5 
** node: 790 = cm1_0/3rc3 
** node: 849 = cm1_0/3rcl 
** node: 784 = cm1_0/3ebio 
** node: 779 = cm1_0/30bio 
** node: 651 = cm1_0/q1 
** node: 600 = cm1_0/aol 
** node: 599 = cm1_O/ao2 
** node: 604 = cm1_0/d2 
** node: 548 = cm1_0/2cdo 
** node: 546 = cm1_0/2rc6 
** node: 545 = cm1_0/2rc4 
** node: 523 = cm1_0/2rc2 
** node: 507 = cm]_O0epu 
** node: 512 = cm!_0/q0 
** node: 506 = cm1_0/2rcO 
** node: 483 = cm1_O/2epd 
** node: 482 = cm1_0/2opd 
** node: 472 = cm1_0/q0n 
** node: 473 = cm1_O/qin 
** nore: 467 = cm1_0/q2n 
** node: 466 = cm! _O/refresh 
** node: 598 = cm]_0/mref 
** node: 462 = cm1_0/2opu 
*® node: 459 = cm1_0/2cde 
** node: 461 = cm1_0/2rc7 
** node: 460 = cm1_0/2rc5 
** node: 463 = cm1_0/2rc3 
** node: 464 = cm1_0/2rcl1 
** node: 439 = cmi_0/ao0 
** node: 455 = cm1_O/2ebio 
** node: 450 = cm1_0/2obio 
** node: 372 = cm1_0/d1 
** node: 360 = cm1_0/Icdo 
** node: 359 = cm1_0/Irc6 
** node: 358 = cm1_0/Irc4 
** node: 347 = cm1_0/1rc2 
** node: 338 = cm1_0/tepu 
** node: 337 = cmi_0/irc0 
** node: 329 = cm1_O/lepd 
** node: 318 = cm1_0/lopd 
** node: 315 = cm1_0/lopu 
** node: 312 = cm1_0/Icde 
** node: 314 =cm!_0/Irc7 


** node: 313 = cm1_0/irc5 
** node: 316 = cm1_0/Irc3 
** node: 317 =cm1_O/Ircl 
** node: 297 = cm 1_0/phl 
** node: 296 = cm 1_O/inclk 
** node: 311 = cmi_O/lebio 
** node: 306 = cm1_0/lobio 
** node: 253 = cm1_0/a0 
** node: 244 = cm1_0/mw 
** node: 243 = cm1_0/ph2 
** node: 227 = cm1_O/das 
** node: 225 = cm1_0/d0 
** node: 218 = cm1_0/0cdo 
** node: 219 = cm1_O/od 
** node: 216 = cm1_O/Orc6 
** node: 215 = cm1_O/0re4 
** node: 217 = cm1_0/da6 
** node: 214 = cm1_0/da4 
** node: 206 = cm1_0/Orc2 
** node: 205 = cm1_0/da2 
** node: 195 = cm1_O0/0epu 
** node: 194 =cm1_0/da0 
** node: 193 = cm1_0/0rc0 
** node: 192 = cm1_0/Oepd 
** node: 202 = cm1_O/mr 
** node: 191 = cm1_0/ph2id 
** node: 190 = cm1_O/Oopd 
** node: 188 = cm1_O/dal 
** node: 187 = cm1_0/da3 
** node: 184 = cm1_0/Oop 
** node: 183 = cm1_O/ev 
** node: 182 = cm1_0/da7 
** node: 179 = cm1_0/da5 
** node: 177 = cm1_0/phil 
** node: 178 = cm1_O/Ucde 
** node: 181 = cm1_0/0rc7 
** node: 180 = cm1_O/0rc5 
** node: 186 = cm1_0/Orc3 
** node: 189 = cm1_0/0rc1 
** node: 175 = cm1_O/ev 
** node: 174 = cm1_Ofebio 
** node: 169 = cm1_O/od 
** node: 168 = cm1_O/Oobio 
** node: 141 = cm1_0/00 
** node: 147 = doD! 

** node: 133 = cm1_O/ol 
** node: 139 = dol! 

** node: 125 = cm1_0/o2 
** node: 131 = do2! 

** node: 117 = cm1_0/o3 
** node: 123 = do3! 
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** node: 109 = cm1_O/mbsy 
** node: 115 = mbsy! 


** node: 0 = gnd! 
** node: 1 = vdd! 


** node: 101 = cm. Ofdrdy 
** node: 107 = drdy! 

** node: 176 = vrefd! 

** node: 185 = vrefb! 

** node: 248 = vss! 


cO 178 0 70 
cl 218 0 708 
c2 312 0 708 
c3 360 0 708 
c4 459 0 708f 
c5 548 0 708f 
c6 786 0 70ff 
c7 929 0 70ff 


c100 189 0 620ff 
cl01 186 6 620i 
c102 180 0 620ff 
c103 181 0 6208 
©104 193 0 620ff 
6105 206 0 620ff 
6106 215 0 620ff 
c107 216 0 620ff 


c110 317 0 620ff 
clll 316 0 6208 
c112 313 0 6208 
cli3 314 0 6208 
c114 337 0 6208 
cl15 347 0 6208 
6116 359 0 6208 
cll7 358 0 6208 


c120 464 0 620ff 
c121 463 0 620ff 
c122 460 0 620ff 
c123 461 0 6208 
c124 506 0 6208f 
c125 523 0 6206f 
126 545 0 620ff 
c127 546 0 6208f 


c130 849 0 620ff 
c131 790 0 6206f 
c132 787 0 620ff 
c133 788 0 620ff 
6134 906 0 620ff 
6135 916 0 620% 
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6136 926 0 620ff 
0137 927 0 6208 


* don't forget the terminating resistors on each output pad 

1100 147050 

r101 139050 

r102 131050 

1103 123 050 

r104 107 050 

r105 115050 
FKEKKEKKKREKRSERAEKKAKKAKKKSEKAKAAKABEKASKEASHAKAREKEAEHREEEAKEE 
KEKE hspice version KERREEEERE 

* include vitesse hgaas3 models and parameters for hspice. 


REKRKAKRAERAKRKAKEAEARAKAKAKAKEKAAKAERKKAARERAAREAEAKERKAAEERK 
MERE EMEA BRARKREKAERAKKKREAEKECAKARAAAEAKASEAREKERAESEKKEERAS RK 
KRETEAKEKAKEKSECAKAAKAKARERAEREKHEKAKKRARAKKAREERAKEREESEREK 
* power supply 

vds 1 Odc 2.0v 

vrefb 185 0 dc 0.7 

vrefd 176 0 dc 0.26v 

vrvref 1081 0 de 0.70v 

vss 248 Odc -2.5v 

* signal input 
RERKKKKKEKEKAKKKAKEKKRERAKAKKAKHEREREKKREREEAKEREREAEKRREKEAREKAKAEREKREKERAAKAREREREEET 
* 


*remember that the inputs are ecl re: 1=0.4v h=1.1v 


*remember that outputs are ecl too!: 
BRERA EKRAKRAAAKEAAAEKKAKAAAKARERERAEAKEAAAEAREARAKAREERAEKEEE REE ERE EAE AKERROREREK 


* 


vinclk 1292 0 pulse(1.1 0.4 Ops 100ps 100ps 2100ps 4200ps) 


va0 1187 0 1.1v $ memory address bit 0 
val 1313 00.4v $ memory address bit ! 
va2 1145 01.1v $ memory address bit 2 


vdO 12710 1.1v $ memory data bit 0 
vdi 12500 0.4v $ memory data bit 1 
vd2 12290 1.lv $ memory data bit 2 
vd3 1208 0 1.1v $ memory data bit 3 
vdas 11660 1.1v $ memory data strobe 


vwrite 1082 0 pulse(0.4 1.1 2.8ns 100ps 100ps 5200ps 1000ms) $ memory writ 
€ 


vread 1103 0 pulse(0.4 1.1 3ns 100ps 100ps 8000ps 1000ms) $ memory read 
*vrefresh 1124 0 0.4v 


vrefresh 1124 0 pulse(0.4 1.1 [2ns 100ps 100ps 4200ps 1000ms) $ test eol co 
m 
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* following .ic line initializes the refresh control counter to 3 zeroes 

* simulation purposes only 

* 40 ql q2 = qn qin q2n 

ic v(512)=0.0 v(651)=0.0 v(816)=0.0 v(472)=0.63 v(473)=0.63 v(467)=0.63 
* mref 

+ v(598)=0.0 

* temp 85.0 

.tran 500ps 60ns 


measure tran vds_avgpwr avg p(vds) from 0.0ns to 60ns 
measure tran vrefb_avgpwr avg p(vrefb) from 0.0ns to 60ns 
measure tran vrefd_avgpwr avg p(vrefd) from 0.0ns to 60ns 
measure tran vrvref_avgpwr avg p(vrvrf) from 0.0ns to 60ns 
measure tran vss_avgpwr avg p(vss) from 0.0ns to 60ns 


* 80 columns->>* 

probe inclk=v(1292) aQ=v(1187) al=v(1313) a2=v(1145) d0=v(1271) dl=v(1250) 

+ d2=v(1229) d3=v(1208) das=v(1166) write=v(1082) read=v(1103) refresh=v(1124) 
+ mrefresh=v(598) mwrite=v(244) mread=v(202) 

+ ma3cdo=v(929) ma3cde=v(786) ma3rc6=v(927) ma3rc4=v(926) 

+ ma3rc2=v(916) ma3rcO0=v(906) ma3rc7=v(788) ma3rc5=v(787) ma3rc3=v(790) 

+ ma3rc1=v(849) ma3ebio=v(784) ma3obio=v(779) ma3epu=v(907) ma3epd=v(857) 
+ ma3opu=v(789) ma3opd=v(853) q0=v(5 12) 


.options fast ft=0.95 fs=.95 imin=16.0 imax=16.0 delmax=1.0s rmax=8.0 

+ scale=le-06 brief=0 nopage measout post probe gmindc=le-11 captab acct 
* options scale=1e-06 probe post gmindc=le-11 acct captab 

end 


**warning** the fast option decreases the cpu time but results may be 
less accurate. 

***fast option sets default value of the options: 

dvdt= | rmax= 8.00  fs=950.00m_ = ft= 950.00m 
relvar= 400.00m absvar= 1.00 relmos= 100.00m absmos= 10.00u 
**warning** could not find branchelement O:vrvrf 

branch - output ignored 

** spice file created for circuit gaasdram0 1/10/93 mike morris 
****** operating point information tom= 25.000 temp= 25.000 
MERERE 
***** operating point status is voltage simulation time is 0. 

node =voltage node =voltage node =voltage 


40:1 == 2.0000 0:100 = 61.5008m 0:101 = 668.5881m 
+0:102 = 1.9874 0:103 = 63.4356m0:104 == 1.7750 
+0:105 = 1.3406 0:106 = 1.3028 0:107 = 1.1799 
40:108 = 635.3582m0:109 = 52.0500m0:110 = 65.6886m 
40:111 = 633.3473m0:112 = 110.9801m0:113 = 1.4638 
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= 1.4226 O:115 = 23.0831m0:116 = 63.1546m 
= 646.3142m 0:118 = 1.9870 0:119 = 65.5267m 
1.7749 0:121 = 1.3406 0:122 = 1.3028 
1.1799 0:124 = 63.1546m0:125 = 646.3142m 
1.9870 0:127 = 65.5267m0:128 = 1.7749 
1.3406 0:130 = 1.3028 0:131 = 1.1799 
63.1546m 0:133 = 646.3142m 0:134 = 1.9870 
65.5267m 0:136 = 1.7749 0:137 = 1.3406 
1.3028 0:139 1.1799 0:140 = 63.1546m 
646.3142m0:142 = 1.9870 0143) = 65.5267m 
1.7749 0:145 = 1.3406 0:146 = 1.3028 
1.1799 0:148 = 644.3156m 0-149 = 653.4293m 
52.1099m 0:151 = 53.0832m 0-152 = 31.7692m 
= 53.0833m 0:154 = 52.1099m0:155 = 644.3155m 
= 653.4296m 0:157 = 31.7693m0:158 = 642.1434m 
= 642.1432m0:160 = 651.2168m0:161 = 53.0833m 
= 25.0740m 0:163 = 642.1434m 0:164 = 642.1432m 
= 651.2166m 0:166 = 53.0832m0:167 = 25.0740m 
= 283.3468m 0:169 = 15.0105m0:170 = 649.5537m 
= 636.6299m 0:172 = 636.6297m0:173 = 649.5538m 
= 283.3478m0:175 = 14.8309m0:176 = 260.0000m 
47.0991m 0:178 = 260.0000m 0:179 = -1.2102 
185.3334m 0:181 = 185.3334m0:182 = -1.2102 
1.2102 0:184 = -1.2102 0:185 = 700.0000m 


tot t Wt oot nb oH mM 
U 


185.3334m 0:187 = -1.2102 0:188 = -1.2102 

185.3334m0:190 = 26.2262m0:191 = -1.2102 
23.1826m 0:193 = 185.3336m 0:194 = -1.2102 
-1.2102 0:196 =658.5029m0:197 = 52.0502m 


= 658.7224m 0:199 = 52.0553m0:200 = 653.5485m 
= 653.5488m 0:202 = 51.9710m0:203 = 32.4441m 
= 1.3252 0:205 = -1.2102 0:206 = 185.3336m 
= 62.1464m 0:208 = 1.2617 0:209 = 654.8023m 
= 94.4918m 0:211 == 720.2099m0:212 =711.4147m 
= 62.4027m 0:214 = -1.2102 0:215 = 185.3336m 
= 185.3336m0:217 = -1.2102 0:218 = 260.0000m 
-1.2102 0:220 = 83.7791m0:221 =614.6034m 
681.1434m 0:223. = 81.2916m 0:224 = 61.2124m 
= 706.7093m 0:226 = 53.6483m0:227 = 660.6934m 
= 44.1940m 0:229 = 185576m0:230 = 51.1112m 
= 650.4577m 0:232 = 650.3010m 0:233 += 650.5376m 
= 650.4577m 0:235 == 651.5281m0:236 = 56.951lm 
= 651.5281m0:238 = 651.6083m0:239 = 26.2368m 
1.9864 0:241 = 91.2977m0:242 = 52.0122m 
21.1598m 0:244 = 52.0131m0:245 = 1.4151 
687.7530m 0:247 = 281.0546m0:248 = -2.5000 
-2.1776 0:250 =-464.5912m 0-251 = -1.8551 
-1.5327 0:253 = 654.6080m 0:254 = 52.0122m 
651.3674m 0:256 = 651.6047m0:257 = 651.5245m 
52.0122m 0:259 = 56.9511m0:260 = 653.541im 
= 633.6218m 0:262 = 32.4197m 0:263 = 1.9855 
=-464.6009m 0:265 = -1.5327 0:266 = 687.4029m 
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+0:267 
+0:270 
+0:273 
+0:276 
+0:279 
+0:282 
+0:285 
+0:288 
+0:291 
+0:294 
+0:297 
+0:300 
+0:303 
+0:306 
+0:309 
+0:312 
+0:315 
+0:318 
+0:321 
+0:324 
+0:327 
+0:330 
+0:333 
+0:336 
+0:339 
+0:342 
+0:345 
+0:348 
+0:351 
+0:354 
+0:357 
+0:360 
+0:363 
+0:366 
+0:369 
+0:372 
+0:375 
+0:378 
+0:381 
+0:384 
+0:387 
+0:390 
4+0:393 
+0:396 
+0:399 
+0:402 
+0:405 
+0:408 
+0:411 
+0:414 
4+0:417 





1.4146 0:268 = 281.0448m 0:269 = -1.8551 


tt it 


91.2850m 0:271 = -2.1776 0:272 = 644.3159m 

= 653.4293m 0:274 == 52.1099m0:275 = 53.0832m 

= 31.7693m 0:277 = 53.0833m 0.278 = 52.1099m 

= 644.3156m 0:280 = 653.4296m 0:281 = 31.7693m 

= 642.1437m 0:283 = 642.1433m 0:284 = 651.2168m 

= 53.0833m 0:286 = 25.0740m 0:287 = 642.1437m 

= 642.1433m 0:289 = 651.2166m 0:290 = 53.0832m 

25.0740m 0:292 = 1.4024 0:293 = 52.5036m 
1.3308 0:295 = 61.1855m0:296 = 664.3093m 

741.0191m 0:298 = 48.0693m 0:299 = 667.2192m 

54.1981m 0:301 = 52.2948m 0:302 = 20.1113m 
1.3020 0:304 = 628.5119m0:305 = 10.2774m 

= 283.3449m 0:307 = 649.5538:2 0:308 = 636.6299m 

= 636.6297m 0:310 = 649.5541m0:311 = 283.3472m 

= 260.0000m 0:313 = 185.3330m0:314 = 185.3330m 

= -1.2102 0:316 = 185.3330m0:317 = 185.3330m 

= 32.4197m0:319 = 52.5036m0:320 = 633.5094m 

= 32.0844m 0:322 = 610.7009m 0:323 = 610.6642m 

= 26.7721m 0:325 = 6.6963m0:326 = 1.9887 

=-464.5655m 0:328 = 1.4024 0:329 = 26.2368m 

= 77.1805m 0:331 = 1.9341 0:332 = -1.5327 

=-230.1995m 0:334 =-939.2934m0:335 = 1.5584 

= -1,8632 0:337 = 185.3334m 0:338 = -1.2102 

= 658.5029m 0:340 = 52.0502m 0:341 = 658.7224m 

= 52.0553m 0:343 = 653.5485m 0:344 = 653.5488m 

= 32,4441m 0:346 = 1.3252 0:347 = 185.3334m 

= 802.7575m 0:349 = -1.2265 0:350 = 62.1464m 

= 1.2617 0:352 = 654.8023m 0:353 = 94.4918m 

= 720.2099m 0:355 = 711.4147m 0-356 == 62.4027m 

=-589.6757m 0:358 = 185.3334m 0:359 == 185.3334m 

= 260.0000m 0:361 = 681.3352m 0:362 = 81.3768m 

= 78.4572m 0:364 = 614.6178m 0:365 = 678.4986m 

= 683.6339m 0:367 = 1.4163 0:368 =281.0805m 

= -1.8551 0:370 = 91.3312m0:371 = -2.1776 

= 21.4729m 0:373 = 558.0589m 0:374 = 51.1900m 

= 48.2828m 0:376 9== 40.9551m 0377 = 651.5281m 

= 56.9477m 0:379 == 651.6083m 0:380 = 651.528im 

= 650.4577m 0:382 = 650.3003m 0:383 = 650.4577m 

= 650.5376m 0:385 = 23.1826m0:386 = 1.9868 

= 91,3036m 0:388 = 52.0122m0:389 = 1.4153 

= 687.9123m 0:391 = 281.0592m 0:392 = -2.1776 

=-464.5867m 0:394 = -1.8551 0:395 = -1.5327 

= 52.0122m 0:397 = 56.9477m 0:398 = 653.6218m 

= 653.5411m 0:400 = 52.0122m0:401 = 651.3667m 

= 651.5245m 0:403 = 651.6047m 0:404 = 26.2262m 

= 1.9864 0:406 =-464.5912m 0:407. = -1.5327 

= 687.7536m 0:409 = 1.4151 0:410 =281.0546m 

= -1.8551 0:412 = 91.2978m0:413 = -2.1776 

= 644.3156m0:415 = 653.4293m0:416 = 52.1099m 

= 53.0832m 0:418 9 = 31.7692m0:419 = 53.0833m 
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§2.1099m 0:421 = 644.3155m 0:422 = 653.4296m 
31.7693m 0:424 = 642.1434m 0-425 = 642.1432m 
651.2168m 0:427 = 53.0833m 0:428 = 25.0740m 
642.1434m 0:430 = 642.1432m0:431 = 651.2166m 
53.0832m 0:433 = 25.0740m 0:434 = 63.7170m 
26.4851m 0:436 = 1.3150 0:437 = 1.3154 
1.3155 0:439 =591.6209m 0:440 = 648.8233m 
32.2745m 0:442 = 648.9187m 0:443 = 1.9879 
91.3185m 0:445 = 648.9397m 0:446 = 1.4158 
= 688.3053m 0:448 =281.0706m0:449 = 
= 283.3468m 0:45! = 649.5537m 0:452 = 636.6299m 
= 636.6297m 0:454 =649.5538m0:455 = 283.3478m 
=-464.5753m 0:457 = -1.8551 0:458 = -1.5327 
= 260.0000m 0:460 = 185.3334m 0:461 = 185.3334m 
= -1.2102 0:463 = 185.3334m 0:464 = 185.3334m 
= 653.1676m 0:466 = 21.4729m 0:467 = 629.9968m 
57.5154m 0:469 = 10.6195m0:470 = 10.6178m 
57.5170m 0:472 = 629.9885m 0:473 =629.9927m 
57.5162m 0:475 = 10.6186m0:476 = 16.4768m 
54.9190m 0:478 = 1.3579 0:479 =693.3843m 
59.0264m 0:481 = 32.3384m0:482 = 26.2262m 
23.1826m 0:484 = 53.9676m0:485 = 658.7393m 
52.0114m 0:487 = 658.7911m 0-488 = 549711lm 
52.0114m 0:490 = 658.5363m0:491 = 52.0509m 
= 651.5307m 0:493 = 651.5887m 0:494 = 651.5307m 
= 26.2446m 0:496 = 636.6116m 0:497 = 653.5993m 
= 653.5409m 0:499 = 77.1806m0:500 = 32.4194m 
= 624.0322m 0:502 = 54.9711m0:503 = 53.0853m 
= 658.5204m 0:505 = 52.0506m0:506 = 185.3336m 
-1.2102 0:508 =678.3256m0:509 = 78.2660m 
1.2803 0:511 =657.5160m0:512 = 17.6214u 
624.0324m 0:514 = 52.0443m0:515 =658.5029m 
§2.0502m 0:517 = 658.7224m0:518 = 52.0553m 
653.5485m 0:520 =653.5488m 0:521 = 
1.3252 0523 = 185.3336m0:524 = 77.1806m 
1.8535 0:526 = 79.2828m0:527 = 48.0917m 


1.2832 0:529 = 667.7719m 0:530 


1.3158 0:538 =649.2803m0;539 = 68.5971m 
5.2838m 0:541 = 649,3014m 0:542 = 1.3159 
33.0159m 0:544 = 1.9878 0:545 = 185.3336m 
185.3336m 0:547 =-464.5756m 0:548 = 260.0000m 
83.7791m 0:550 = 614.6034m0:551 = -1.5327 
681.1434m 0:553 = 81.2916m 0:554 = 688.2975m 
1.4158 0:556 =281.0704m0:557 = 61.2124m 
-1.8551 0:559 = 91.3182m0:560 = -2.1776 
60.4818m 0:562 =607.0150m 0:563 = 63.7170m 
1.3562 0:565 = 1.3558 0:566 = 63.1800m 
1.3557 0:568 = 39.0328m0:569 = 652.7337m 
54.9364m 0:571 = 55.1515m0:572 = 1.3508 
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= 77.1806m 0:574 = 54.9711m0:575 = 53.0853m 
= 658.2338m 0:577 = 651.5915m0:578 = 651.642im 
= 651.5335m 0:580 = 26.2528m0:581 = 53.9676m 
= $4.9711m0:583 = 640.4275m0:584 =678.2869m 
= 635.3794m 0:586 = 53.9676m 0:587 = 658.7914m 
= 52.0127m 0:589 = 54.9711m0:590 = 658.7911m 
= 52.0114m0:592 = 527.3246m0:593 = 16.3459m 
15.1940m 0:595 = 648.7895m 0:596 = 57.3109m 
685.5450m 0:598 = 9.9150u0:599 =601.4728m 
§2.0502m 0:601 = 690.9985m 0:602 = 690.9036m 
6.8662m 0:604 = 706.7093m 0:605 = 53.6483m 
44.1940m 0:607 = 18.5576m 0:608 = 51.1112m 
= 650.4577m 0:610 =650.3010m0:611 =650.5376m 
= 650.4577m 0:613 =651.528im0:614 = 56.951lm 
= 651.5281m 0:616 =651.6083m0:617 = 26.2368m 
1.9864 0:619 = 91.2977m0:620 = 52.0122m 
1.4151 0622 = 687.7530m 0.623 =281.0546m 
-2.1776 0:625 =-464.5912m 0:626 = -1.8551 
-1.5327 0:628 = 690.8838m 0:629 = 30.9592m 
653.6139m 0:631 = 653.6332m 0:632 = 32.4567m 
1.9855 0:634 = 91.2850m0:635 = 658.2558m 
52.0448m 0:637 = 651.5307m 0:638 = 651.5887m 
= 651.5307m 0:640 = 26.2446m 0:641 = 636.61l6m 
= 653.5993m 0:643 = 653.5409m 0:644 = 77.1806m 
32.4194m 0:646 = 624.0322m 0:647 = 54.9711m 
53.0853m 0:649 = 658.5204m 0:650 <= 52.0506m 
17.6214u 0:652 = 84.3188m0:653 = 32.4435m 
52.0443m 0:655 = 1.3153 0:656 = 31.3318m 
691.5024m 0:658 =691.7504m 0:659 = 43.7213m 
1.3571 0:661 = 1.3561 0:662 = 78.4523m 
= 48.2891m 0:664 = 1.3568 0:665 =691.6940m 
= 691.5987m 0:667 = 1.3565 0:668 = 63.1800m 
= 6,8662m 0:670 = 5.2838m0:671 = 68.5971m 
= 43.7222m 0:673 = 31.3369m0:674 = 1.4146 
= 687.4007m 0:676 =281.0448m0:677 = -2.1776 
=-464.6010m 0:679 = -1.8551 0:680 = -1.5327 
= 1.3558 0:682 1.3555 0:683 = 1.3556 
= 1.3554 0:685 36.7628m 0:686 = 653.6131m 
= 653.6332m 0:688 = 32.4567m0:689 = 1.9855 
=-464.6010m 0:691 = -1.5327 0:692 = 52.0122m 
= 651.3674m 0:694 =651.6047m 0:695 = 651.5245m 
= 5§2.0122m 0:697 = 56.9511m0:698 =653.541lm 
= 653.6218m 0:700 = 32.4197m0:701 = 1.9855 
=-464.6009m 0:703 = -1.5327 0:704 =687.4029m 
= 1.4146 0:706 =6874007m0:707 = 1.4146 
= 658.5039m 0:709 == 52.0122m0:710 = 52.1389m 
= 658.5213m 0:712 = 52.0122m0:713 = 658.7919m 
= 52.0151m0:715 = 653.6593m0:716 = 52.0502m 
= 653.6593m 0:718 = 32.4488m0:719 = 51.9845m 
= 653.6576m 0:721 = 653.6067m0:722 = 53.9669m 
= 77.1806m 0:724 = 54.9711m0:725 = 53.0853m 
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= 658.2338m 0:727 == 651.5915m 0:728 =651.6421m 
= 651.5335m 0:730 = 26.2528m 0:731 = 53.9669m 
= 54.9711m0:733 = 640.4275m0:734 = 84.3312m 
= 690.6401m 0:736 = 690.5453m 0:757 == 690.5796m 
= 690.5305m 0:739 = 30.7740m0:740 = 281.0448m 
= 281.0448m 0:742 -1.8551 0:743 = 91.2850m 

= -2.1776 0:745 = -1.8551 0:746 = 644.3156m 

= 653.4293m 0:748 


= 52.1099m 0:749 = 53.0832m 
= 91.2850m 0:751 = -2.1776 0:752 = 31.7692m 
= 53.0833m 0:754 = 52.1099m0:755 = 644.3155m 
= 653.4296m 0:757 = 31.7693m 0:758 = 642.1434m 


= 642.1432m 0:760 == 651.2168m0:761 = 53.0833m 
= 25.0740m 0:763 = 642.1434m 0:764 = 642.1432m 
= 651.2166m 0:766 = 53.0832m 0:767 = 25.0740m 
= 653.6143m 0:769 = 653.6332m0:770 = 32.4568m 
1.9855 0:772 = 91.2850m0:773 = 1.4146 
687.4007m 0:775 == 281.0448m0:776 = -2.1776 
=-464.6010m 0:778 = -1.8551 0:779 =283.3468m 
= 649.5537m 0:781 = 636.6299m 0:782 = 636.6297m 
= 649.5538m 0:784 = 283.3478m 0:785 == -1.5327 
= 260.0000m 0:787 = = 185.3334m0:788 == 185.3334m 
= -1.2102 0:790 = 185.3334m0:791 = 53.9676m 
= 658.7914m 0:793 = 52.0127m 0:794 = 53.9669m 
= 658.7914m 0:796 = 52.0127m0:797 = 54.9711m 
= 658.7911m 0:799 = 52.0114m 0:800 = 658.3020m 
= 52.0458m 0:802 = 651.5307m 0:803 = 651.5887m 
= 651.5307m 0:805 = 26.2446m 0:806 = 636.6116m 
= 653.5993m 0:808 = 653.5409m 0:809 = 77.1806m 
= 32.4194m 0:811 = 624.0322m 0:812 = 54.9711m 
= 53.0853m 0:814 = 658.5204m 0:815 = 52.0506m 
= 17.621400:817 = 26.2522m0:818 = 52.0443m 
= 658.5039m 0:820 = 84.3312m 0:821 =658.7622m 
= 21.4729m 0-823 = 52.1389m 0:824 = 52.0142m 
= 653.6340m 0:326 = 653.6630m 0:827 = 
= 52.0502m 0:829 = 653.6593m 0:830 = 653.6593m 
32.4488m 0:832 = 658.5020m 0:833 = 1.3562 
691.0012m 0:835 = 690.9062m 0:836 = 
1.3559 0:838 = 690.9406m 0:339 = 5.2838m 
68.5971tm 0:841 = 39.0407m 0:842 = 30.9684m 
653.6139m 0:844 = 653.6332m 0:845 = 32.4567m 
1.9855 0:847 =-464.6010m 0:348 9 = -1.5327 
= 185.3334m 0-850 = 687.4007m0:851 = 1.4146 
= 281.0448m 0:853 = 26.2262m 0:854 = -1.8551 
= 91.2850m 0:856 = -2.1776 0:857 = 23.1826m 
= 1.3568 0:859 = 63.1800m 0:860 = 64.9795m 


1.3564 0:862 = 43.7189m 0:863 = 658.5039m 
68.4778m 0:865 = 52.1389m 0:866 = 658.4439m 
= 68.4778m 0:868 = 658.7865m 0:869 = 51.9903m 
= 651.6419m 0:871 = 651.6419m 0:872 = 651.5913m 
= 53.9663m 0:874 = 77.1806m0:875 = 54.971lm 
= 53.0853m 0:877 = 658.2338m 0:878 = 651.5915m 
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= 651.6421m 0:880 = 651.5335m0:881 = 26.2528m 
= 53.9663m 0:883 = 54.9711m 0:884 = 640.4275m 
= 653.6593m 0:886 = 52.0502m 0:887 = 653.6593m 
= 32.4488m 0:889 = 51.9828m 6.890 =691.6929m 
= 6.8662m 0:892 = 6.2202m0:893 =653.613im 

= 653.6332m 0:895 =691.5827m 0:896 = 31.3327m 
= 32.4567m 0:898 = 1.9855 0:899 = 91.2850m 

= 84.3312m 0:901 = 724.2191m0:902 = 1.4146 

= 687.4007m 0:904 =281.0448m 0:905 = -2.1776 

= 185.3336m 0:907 = -1.2102 0:908 =658.5029m 

= §2,0502m 0:910 =658.7224m0:911 = 52.0553m 
= 653.5485m 0:913 = 653.5488m0:914 = 32.4441m 
= 13252 0:916 = 185.3336m0:917 =-464.6010m 

= -1.8551 0:919 = 62.1464m0:920 = 1.2617 

= 654.8023m 0:922 = 94.4918m 0:923 =720.2099m 
= 711.4147m 0:925 = 62.4027m0:926 = 185.3336m 
= 185.3336m 0:928 = -1.5327 0:929 =260.0000m 

= 83.7791m 0:931 =614.6034m0:932 =681.1434m 
= 81,.2916m 0:934 = 61.2124m 0.935 = 658.4953m 
= 636.6471m 0:937 = 658.7714m 0:938 = 53.0813m 
= 658.7619m 0:940 = 53.0813m0:941 = 52.0565m 
= 658.7527m 0:943 = 1.3587 0:944 =693.5732m 

= 6.8662m 0:946 = 63.1800m 0:947 = 64.9795m 

= 6.2202m0:949 = 5.2838m0:950 = 68.5971m 

= 59.0465m 0:952 = 32.4169m 0953 =653.6105m 
= 653.6331m0:955 = 32.4564m0:956 = 1.9855 
=-464,6010m 0:958 = -1.5327 0:959 =687.4007m 

= 14146 0:961 = 281.0448m 0962 = -1.8551 

= 91.2850m 0:964 = -2.1776 0:965 = 706.7093m 

= 53.6483m 0:967 = 44.1940m 0:968 = 18.5576m 
= 51.1112m0:970 = 650.4577m 0:971 = 650.3010m 
= 650.5376m 0:973 = 650.4577m0:974 = 651.5281m 
= 56.9511m0:976 =651.5281m0:977 =651.6083m 
= 26.2368m 0:979 = 1.9864 0:980 = 91.2977m 

= 52.0122m0:982 = 1.4151 0:983 =687.7530m 

= 281.0546m 0:985 = -2.1776 0:986 =-464.5912m 

= -1.8551 0:988 = -1.5327 0:989 =653.6139m 

= 653.6332m 0:991 = 32.4567m 0:992 = 21.472¥m 
= 21.4729m 0:994 = 1.9855 0:995 = 91.2850m 

= 1.3562 0:997 = 1.3559 0:998 = 64.9795m 

= 13557 0:1000 = 39.0383m0:1001 =691.000dm 

= 690.9398m 0:1003 = 6.2202m0:1004 =690.8906m 
= 30.9656m 0:1006 = 1.4146 0:1007 =687.4007m 
= 281.0448m 0:1009 = -2.1776 0:1010 =~-464.6010m 
= -1.8551 0:1012 = -1.5327 0:1013 = 653.0:59m 

= 31.3464m0:1015 = 653.6332m0:1016 = 32.4567m 
= 1.9855 0:1018 =-464.6010m 0:1C19 = -1.5327 

= 32,4441m0:1021 = 653.5488m J:1022 = 653.5485m 
= 52.0553m 0:1024 =658.7224m 0:1025 = 52.0122m 
= 651.3674m 0:1027 = 651.6047m 0:1028 =651.5245m 
s= §2.0122m0:1030 = 56.9511m0:1031 =653.5411m 
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+0: 1032 
+0: 1035 
+0: 1038 
+0:1041 
+0: 1044 
+0: 1047 
4+0:1050 
+0:1053 
+0: 1056 
+0: 1059 
+0: 1062 
+0: 1065 


= 653.6218m 0:1033 32.4197m 0:1034 = 1.9855 
=-464.6009m 0: 1036 -1.5327 0:1037 = 687.4029m 
1.4146 0:1039 = 687.4007m0:1040 = 1.4146 
1.3575 0:1042 = 693.2527m 0:1043 = 58.9939m 
1.3568 0:1045 = 691.6966m 0:1046 = 6.2202m 
64.9795m 0:1048 = 1.3566 0:1049 =691.6358m 
5.2838m 0:1051 = 68.597im 0:1052 = 43.7297m 
> 281.0448m 0:1054 = -1.8551 0:1055 =231.0448m 


will 


noun owt 


= -1.8551 0:1057 = 91.2850m 0:1058 = -2.1776 
= 91.2850m 0:1060 = -2.1776 0:1061 = 1.3336 
= 1.3336 0:1063 = 55.0936m 0:1064 = 55.0936m 


= 55.0936m 0:1066 = 55.0936m 0:1067 = 66.1073m 

= 668.0228m 0:1069 =616.9350m 0:1070 = 268.2792n 

= 80.8626m 0:1072 = 1.9044 0:1073 = 1.3296 

= 620.9308m 0:1075 = 1.2422 0:1076 =794.3590m 

= 968.6015m 0:1078 = 604.6550m 0:1079 = 418.2974m 

= 274.2922m 0:1081 = 700.0000m 0:1052 = 400.0000m 

= 1.3336 0:1084 = 1.3336 0:1085 = 55.0936m 

= 55.0936m 0:1087 = 55.0936m 0:1988 = 55.0936m 

= 66.1073m 0:1090 = 668.0228m 0.1091 =616.9350m 

= 268.2792n 0:1093 = 80.8626m 0:1094 = 1.9044 

1.3296 0:1096 = 620.9308m 0:1097 = 1.2422 

= 794.3590m 0:1099 = 968.6015m 0:1100 = 604.6550m 

= 418.2974m 0:1102 = 274.29992m 0:1103 = 400.0000m 
1.3336 0:1105 = 1.3336 0:1106 = 55.0936m 

55.0936m 0:1108 = 55.0936m 0:1109 = 55.0936m 

66.1073m O:1111 = 668.0228m 0:1112 =616.9350m 

268.2792n 0:1114 = 80.8626m0:1115 = 1.9044 
1.3296 0:1117 =620.9308m O:1118 = 1.2422 

= 794.3590m 0:1120 = 968.6015m 0:1121 = 604.6550m 

= 418.2974m 0:1123 = 274.2922m 0:1124 = 400.0000m 

62.5383m 0:1126 = 62.5383m 0:1127 = 1.3884 

1.3884 0:1129 = 1.3884 0:1130 = 1.3884 

= 609.1270m 0.1132 = 7.1368m 0:1133 = 163.1089m 

60.9597m 0:1135 = 795.6718m 0:1136 = 1.2258 

741.4580m 0:1138 = 621.2990m 0:1139 = 1.9308 


1.3261 O:1141 = 448.5762m 0:1142 =914.9048m 
515.5815m 0:1144 = 606.4125m 0:1145 1.1000 
62.5383m 0:1147 = 62.5383m 0:1148 = 1.3270 
1.3270 0:1159 = 1.3270 0:1151 = 1.3270 
= 609.1270m 0:1153 = 7.1368m 0:1154 = 163.1089m 
= 60.9597m 0:1156 = 795.6718m 01157 = 1.2258 
= 741.4580m 0:1159 = 621.2990m 0:1160 = 1.9308 
= 1.3261 0:1162 =448.5702m 0:1163 =914.9048m 
=515.5815m 0:1165 = 606.4125m 0:1166 = 1.1000 
= 62.5383m 0:1168 = 62.5383m 0:1169 = 1.3211 
= 4.3211 0:1171 = 1.3211 0:1172 = 1321) 
= 609.1270m 0:1174 = 7.13681 0:1175 = 163.1089m 
= 60.9597m 0:1177 = 795.6718m 0.1178 = 1.2258 
= 741.4580m 0:1180 = 621.2990m 0:1181 = 1.9308 
= 1.3261 0:1183 =448.5702m 0:1184 =914.9048m 
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+0: 1185 
+0:1188 
+0: 1191 
+0: 1194 
+0:1197 
+0:1200 
+0: 1203 
+0: 1206 
+0: 1209 
+0:1212 
4+0:1215 
+0:1218 
+0:1221 
+0:1224 
+0: 1227 
+0: 1230 
+0; 1233 
+0: 1236 
+0:1239 

9:12A2 
+0: 1245 
+0: 1248 
+0:1251 
+0: 1254 
+0: 1257 
+0: 1260 
40: 1263 
+0: 1266 
+0: 1269 
+0:1272 
+0: 1275 
+0: 1278 
+0:1281 
+0:1284 
+0: 1287 
+0: 1290 
+0: 1293 
+0: 1296 
+0;1299 
+0: 1302 
+0: 1305 
+0: 1308 
+0:1311 





= 515.5815m 0:1186 = 606.4125m 0:1187 = 1.1000 

= 62.5383m 0:1189 = 62.5383m0:1190 = 1.3715 

= 1.3715 0:1192 = 1.3715 0:1193 = 1.3715 

= 609.1270m 0:1195 = 7,1368m0:1196 = 163.1089m 

= 60.9597m 0:1198 =795.6718m0:1199 = 

= 741.4580m 0:1201 = 621.2990m 0:1202 = 

= 1.3261 0:1204 = 448.5702m0:1205 =914.9048m 

= 515.5815m 0:1207 = 606.4125m 0:1208 = i.1000 

= 62.5383m 0:1210 = 62.5383m0:1211 = 1.3715 

= 1.3715 0:1213 = 1.3715 01214 = 1.3715 

= 609.1270m 0:1216 = 7.1368m0:1217 = 163.1089m 

= 60.9597m 0:1219 = 795.6718m 0:1220 = 1.2258 

= 741.4580m 0:1222 = 621.2990m 0:1223 = 1.9308 
1.3261 0:1225 = 448.5702m0:1226 =914.9048m 

515.5815m 0:1228 =606.4125m 0:1229 = 1.1000 
1.3336 0:1231 = 1.3336 0:1232 = 55.0936m 

55.0936m 0:1234 = 55.0936m0:1235 = 55.0936m 

= 66.1073m 0:1237 = 668.0228m 0:1238 =616.9350m 

= 268.2792n 0:1240 = 80.8626m 0:1241 = 1.9044 
1.3296 0:1243 = 620.9308m 0:1244 = 1.2422 

794.3590m 0:1246 = 968.6015m 0:1247 = 604.6550m 

= 418.2974m 0:1249 = 274.2922m 0:1250 = 400.0000m 

= 62.5383m 0:1252 = 62.5383m 0:1253 = 1.3715 

1.3715 0:1255 = 1.3715 0:1256 = 1.3715 

= 609.1270m 0:1258 = 7.1368m0:1259 = 163.1089m 

= 60.9597m 0:1261 = 795.6718m 0:1262 = 1.2258 


= 741.4580m 0:1264 = 621.2990m 0:1265 = 1.9308 
1.3261 0:1267 = 448.5702m 0:1268 =914.9048m 
515.5815m 0:1270 = 606.4125m 0:1271 = 1.1000 


62.5383m 0:1273 = 62.5383m0:1274 = 1.3305 
1.3305 0:1276 = 1.3305 0:1277 = 1.3305 

= 609.1270m 0:1279 = 7.1368m 0:1280 = 163.1089m 

= 60.9597m 0:1282 = 795.6718m 0:1283 = 1.2258 

= 741.4580m 0:1235 = 621.2990m 0:1286 = 1.9308 
1.3261 0:1288 = 448.5702m 0:1289 =914.9048m 

315.5815m 0:1291 = 606.4125m 0:1292 = 1.1000 
1.3336 0:1294 = 1.3336 0:1295 = 55.0936m 
55.0936m 0:1297 = 55.0936m 0:1298 = 55.0936m 
66.1073m 0:1300 = 668.0228m 0:1301 =616.9350m 

268.2792n 0:1303 = 80.8626m 0:1304 = 1.9044 
1.3296 0:1306 = 620.9308m 0:1307 = 1.2422 

= 794.3590m 0:1309 = 968.6015m 0:1310 = 604.6550m 

= 418.2974m 0:1312 = 274.2922m 0:1313 = 400.0000m 


Hot ft 


maximum nodal capacitance= 4,291E-11 onnode 0:1 


nodal capacitance table 
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40:1 = 42.9105p 0:100 

4+0:102 = 170.9088 0:103 
40:105 = 2.2431p 0-106 
+0:108 = 325.7088f 0:109 


| +0:111 = 123.8339f 0:112 
40:114 = 1.2935p0:115 
40:117 = 554.8905f 0:118 
40:120 = 2.5773p0:121 
40:123 = 2.3619p 0-124 
40:126 = 170.9088F 0:127 
+0:129 = 2.2431p0:130 


+0:132 = 325.7088f 0-133 
40:135 = 123.8339f 0:136 


+0:138 = 1.2935p 0:139 
+0:141 = 554.8905f 0:142 
40:144 = 25773p0:145 
40:147 = 2,3619p 0:148 
+0:150 = 227.3520f 0:151 


40:153 = 227.3520f 0:154 
+0:156 = 223.3680f 0:157 
+0:159 = 223.3680f 0:160 
40:!62 = 434.7120F 0:163 
40:165 = = 227.3526 0:166 
40:168 = 1.2737p 0:169 

+0:171 = 365.5920f 0:172 
+0:174 = 1.2803p 0:175 

+0:177 = 360.7840F 0:178 
+0:180 = 630.6560F 0:181 
+0:183 = 139.9840f 0:184 
4+0:186 = 625.3440f 0:187 
+0:189 = 630.6560F 0:190 
+0:192 = 305.1120f 0:193 
4+0:195 = 447,9840£ 0:196 
+0:198 = 296.4720F 0:199 
+0:201 = 223.3680f 0:202 
+0:204 = 361.6080f 0:205 
4+0:207 | = 276.4800f 0:208 
+0:210 = 446.0266f 0:211 
4+0:213 = 276.4800f 0:214 
40:216 = = 625.3440f 0:217 
+0:219 = 139.9840f 0:220 
40:222 = 419.4134f 0:223 
4+0:225 = 691.2000 0:226 
+0:228 == 276.4800f 0:27° 
40:231 = 227.3520£ 0:232 
+0:234 = 223.3680£ 0:235 
+0:237 = 227,3520£ 0:238 
40:240 == 113.9280f 0:241 


= 325.7088f 0:101 
= 123.8339f 0:104 
= 1.2935p 0:107 
= 193.9920f 0:110 
= 25773p 0.113 
= 2.3619p 0:116 
=, 0.9088 0:119 
= 2,2A31p 0:122 
= 325.7088¢ 0-125 
= 123.8339f 0:128 
= 1,2935p 0:131 
= 554.8905f 0:134 
= 25773p 0:137 
= 2,3619p 0.140 
= 170,9088f 0:143 
= 2.2431p 0:146 
= 227.3520f 0:149 
= 223,3680f 0:152 
= 223.3680f 0:155 
= 434.7120f 0:158 
= 227.3520f 0:16! 
= 227.3520f 0:164 
= 223.3680f 0:167 
= 3.1795p 0.170 
= 361.6080f 0:173 
= 3.1795p 0:176 
= 79,6064f 0:179 
= 625.3440F 0:182 
= 447.9840F 0:185 
= 139,9840f 0:188 
= 301.1280 0:191 
= 625.34408 0:194 
= 434.7120 0:197 
= 223.3680f 0:200 
= 1.1910p 0:203 
= 139,98408 0:206 
= 415.4294 0:209 
= 276.4800F 0:212 
= 139.9840F 0:215 
= 139.9840£ 0:218 
= 419.4134f 0:221 
= 726.4905£ 0:224 
= 276.4800F 0:227 
= 276.4800f 0:230 
= 223.3680F 0:233 
= 227.3520F 0:236 
= 223.3680f 0:239 
= 61.8576 0:242 


node = cap node = cap node = cap 


= 197.9760f 
= 25773p 
= 2.3619p 
= 170.9088f 
= 2.2431p 
= 325.7088f 
= 123.8339f 


2.243 1p 
= 325.7088f 
= 123.8339 
= 1.2935p 
= 223.3680f 
= 434.7 120f 
= 227.3520f 
= 227.3520f 
= 223.3680f 
= 223.3680f 
= 434,7120f 
= 223.3680f 
= 227.3520f 
= 17.1008f 
= 139.9840f 
= 139.9840f 
= 32.0640 
= 139.98s0f 
= 223.1840f 
= 139.9840f 
= 499.8480f 
= 227.3520f 
= 711.1920f 


= 227.3520f 
= 223.3680f 
= 434.7120f 
= 361.6080 
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= 6.8256p 0:244 
= 35.4816f 0:247 
= 40.0000f 0:250 


61.8576f 0:271 
= 223.3680f 0:274 
= 434.7120f 0:277 
= 227.3520£ 0:280 
= 227.3520f 0:283 
= 223.3680f 0:286 
= 223.3680f 0:289 
= 434.7120£ 0:292 
1.8188p 0:295 
3.646 ip 0:298 
1.8188p 0:301 
358.9744f 0:304 
1,2737p 0:307 
= 361.6080f 0:310 
= 79.6064f 0:313 
= 447 9840F 0:316 
= 301,1280f 0:319 
= 891.9200f 0:322 
= 609.5920f 0:325 
= 80.0000f 0:328 
= 113.9280f 0:331 
= 17.6192f 0:334 
= 40.0000f 0.337 
= 434.7120f 0:340 
= 223.3680 0:343 
= 711.1920£ 0:346 
= 80.0000f 0:349 
= 415.4294f 0:352 
= 276,4800F 0:355 
= 40.0000f 0:358 
= 79.6064f 0:361 
= 419.4134f 0:364 
= 42.9184f 0.367 
= 40.0000f 0:370 
= 691.2000f 0:373 
= 276 4800f 0:376 
= 223.3680f 0:379 
= 227.3520f 0:382 
= 223.3680F 0:385 
= 61.8576f 0.388 
= 35.4816f 0:391 
= 80.0000f 0.394 


2.6466p 0:245 
53.3600F 0:248 
80,9000f 0:25! 
2.2118p 0:254 
= 227.3520f 0:257 
= 223.3680f 0:260 
= 430.7280f 0:263 
= 40,0000f 0:266 
= 53,3600f 0:269 
= 40,0000f 0:272 
= 227,3520f 0:275 
= 227.3520f 0:278 
= 223.3680f 0:281 
= 223.3680f 0:284 
= 434.7120f 0:287 
= 227.3520f 0:290 
= 1.8188p 0:293 
= 358.9744£ 0:296 
= 2.4490p 0.299 
= 790.5920f 0:302 
= 2.4490p 0:305 
= 223.3680f 0:308 
= 227.35208 0:311 


| 


1.7869p 0:320 
1.1292p 0.323 
622. 08008 0:326 
1.7869p 0:329 
61.8576f 0:332 

35.4816f 0:335 
= 625.3440 0.338 
= 499.8480f 0:341 
= 227.3520f 0:344 
= 361.6080f 0:347 
= 40,0000f 0:350 
= 276.4800f 0:353 
= 415.4294f 0:356 
= 630.6560f 0:359 
= 419.4134f 0:362 
= 726.4905f 0:365 
= 17.6192f 0.368 
= 61.8576f 0.371 
= 276.4800f 0:374 
= 276.4800f 0:377 
= 227.3520f 0.380 
= 223.3680f 0:383 
= 434.7120F 0:386 
= 361.6080F 0:389 
= 53.3600f 0.392 
= 40,0000f 0.395 





= 17.6192f 
= 1.7123p 
= 40.0000f 
= 227.3520 
= 223.3680f 
= 227.3520 


= 40.0000f 

= 227.3520f 
= 223.3680f 
= 223.3680f 
= 434.7120 
= 227.3520 
= 227.3520f 
= 223.3680f 

1.8188p 


= 227.3520f 
= 223.3680 
= 227.3520f 
= 113.9280f 
= 17.6192f 
= 40.0000f 
= 40,0000f 
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+0:396 
+0:399 
+0:402 
+2:405 
+0:408 
40:411 
+0:414 
+0:417 
+0:420 
+0:423 
+0:426 


= 227.3520f 0:397 
= 223.3680f 0:400 
= 227.3520f 0:403 
= 113.9280f 0:406 
= 42.9184f 0:409 
= 40.0000f 0:412 
= 227.3520f 0:415 
= 223.3680f 0:418 
= 223.3680f 0:421 
= 434.7 120£ 0:424 
= 227.3520£ 0:427 
= 227.3520f 0:430 
= 223.3680f 0:433 
= 448 4685f 0:436 
= 100.7437f 0:439 
1.4515p 0:442 
61.8576f 0.445 
35.4816f 0:448 
1.2737p 0:451 
361.6080f 0:454 
80.0000f 0.457 
= 79.6064f 0:460 
= 447 9840f 0:463 
= 223.3680f 0:466 
= 125.8163f 0:469 
= 100.7437f 0:472 
= 125.8163f 0:475 
= 100.7437f 0:478 
= 125.8163f 0:481 
= 305.1120f 0:484 
= 296.4720f 0:487 
= 296.4720f 0:490 
= 223.3680f 0:493 
= 365.5920f 0:496 
= 223.3680f 0:499 
= 499.8480f 0:502 
= 296.4720f 0:505 
= 447 9840F 0:508 
= 419.4134f0:511 
= 503.8320f 0:514 
= 499.8480f 0:517 
= 227.3520f 0:520 
= 361.6080f 0:523 
= 361.6080f 0:526 
= 276.4800f 0:529 
= 415.4294f 0:532 
= 276.4800F 0:535 
= 125.8163f 0:538 
= 483.8400f 0:541 
= 446.3437f 0:544 
= 625.3440f 0:547 


= 223.3680f 0:398 
= 227.3520f 0:401 
= 223.3680f 0:404 


80.0000f 0:407 
17.6192£ 0-410 
61.8576f 0:413 


= 223.3680f 0.416 
= 434.7120f 0:419 
= 227.3520f 0:422 
= 227.3520f 0:425 
= 223.3680f 0:428 
= 223.3680f 0:431 
= 434.7120f 0:434 
= 125.8163f 0:437 


1.0528p 0:440 


= 483.8400f 0.443 
= 483.8400F 0:446 
= 53.3600f 0:449 
= 223.3680f 0:452 
= 227.3520f 0:455 
= 40.0000 0.458 
= 630.6560 0:461 
= 625.3440f 0:464 
= 414.7200f 0:467 
= 207.3600f 0:470 
= 776.3280£ 0:473 
= 207.3600f 0:476 
= 215.8976f 0:479 


= 2.2810p 


0.482 


= 227.3520f 0:485 
= 227.3520£ 0:488 
= 296.4720f 0:491 
= 223.3680F 0:494 
= 361.6080f 0:497 
= 223.3680f 0:500 
= 223.3680f 0:503 
= 223.3680f 0:506 
= 419.4134f 0:509 
= 450.0106f 0-512 
= 361.6080F 0:515 
= 296.4720£ 0:518 
= 223.3680f 0:521 
= 630.6560f 0:524 
= 276.4800f 0:527 
= 276.4800f 0:530 
= 276.4800 0:533 
= 415.4294f 0:536 
= 483.8400f 0:539 
= 483.8400f 0:542 
= 113.9280f 0:545 
= 80.0000f 0:548 








= 227.3520f 
= 223.3680f 


= 227.3520 
= 227.3520f 
= 223.3680f 
= 223.3680f 
= 434.7120f 
= 227.3520f 
= 227.3520f 
= 125.8163f 


= 276.4800f 
= 125.8163f 
= 100.7437f 
= 630.6560f 
= 79.6064f 


481 


= 419.4134f 0:550 
= 419.4134f 0:553 
17.6192£ 0:556 
40.0000F 0:559 
= 642.0720f 0:562 
= 125.8163f 0:565 
= 100.7437f 0:568 
= 125.8163f 0:571 
= 223.3680f 0:574 
= 361.6080f 0:577 
= 223.3680f 0:580 
= 223.3680f 0:583 
= 361.6080f 0:586 
= 296.4720f 0:589 
= 158.2320£ 0:592 
= 207.3600f 0:595 
= 230.4461f 0:598 
= 776.3280 0:601 
= 207.3600f 0:604 
= 276.4800f 0:607 
= 227.3520f 0:610 
= 223.3680f 0:613 
= 227.3520f 0:616 
= 113.9280f 0:619 
= 17.6192f 0:622 


= 227.3520f 0:631 
= 113.9280f 0:634 
= 223.3680f 0:637 
= 223.3680f 0:640 
= 223.3680f 0:643 
= 365.5920f 0:646 
= 223.3680f 0:649 
= 914.5680f 0:652 
= 361.6080f 0.655 
= 207.3600F 0:658 
= 125.8163f 0-661 
= 276.4800 0:664 
= 207.3600f 0:667 
= 207.3600f 0:670 
= 215.8976f 0:673 
= 35.4816f 0-676 

= 80.0000f 0.679 

= 125.8163£ 0:682 
= 100.7437f 0:685 
= 223.3680f 0:688 
= 80.0000£ 0.691 

= 223.3680f 0:694 
= 227.3520f 0:697 
= 223.3680f 0:700 


= 726.4905f 0:551 
= 726.4905£ 0:554 
53.3600f 0:557 

61.8576f 0.560 

= 638.0880f 0:563 
= 100.7437f 0:566 
= 218.0224f 0:569 
= 100.7437f 0:572 
= 223.3680f 0:575 
= 223.3680F 0:578 
= 361.6080f 0:581 
= 292.4880F 0:584 
= 227.3520f 0:587 
= 227.3520F 0:590 
= 276.4800f 0:593 
= 622.0800f 0:596 
= 1.0368p 0:599 

= 207.3600f 0:602 
= 691.2000f 0:605 
= 276.4800F 0:608 
= 223.3680f 0:611 
= 227.3520f 0:614 
= 223.3680f 0:617 
= 61.8576f 0:620 
= 35.4816f 0:623 

= 80.0000 0.626 

= 207.3600f 0:629 
= 223.3680f 0:632 
= 61.8576f 0:635 

= 223,.3680f 0:638 
= 365.5920f 0:641 
= 223.3680F 0:644 
= 499.8480f 0:647 
= 296.4720f 0:650 
= 138,2400f 0:653 
= 100.7437f 0:656 
= 207.3600f 0:659 
= 100.7437£ 0:662 
= 125.8163f 0:665 
= 100.7437 0:668 
= 207.3600f 0:671 
= 299,566 1f 0:674 
= 53.3600f 0-677 

= 40.0000f 0:680 

= 100.7437f 0:683 
= 218.0224f 0:66 
= 296.4720f 0:689 
= 40.0000F 0:692 

= 227.3520f 0:695 
= 223,3680f 0:698 
= 430.7280f 0:701 


nou 


= 40.0000£ 
= 42.9184f 
= 361.6080f 
= 40.0000f 
= 638.0880f 
= 125.8163f 
= 281.1734 
= 148.9024f 
= 223.3680f 
= 223.3680f 
= 223.3680f 
= 638.0880f 
= 223.3680f 
= 223.3680f 
= 207.3600f 
= 125.8163f 
= 776.3280f 
= 207.3600 
= 276.4800f 
= 276.4800£ 
= 227.3520f 
= 223.3680f 
= 434.7120f 
= 361.6080f 
= 53.3600f 
= 40.0000 
= 299.5661f 
= 296.4720 
= 365.5920£ 
= 223.3680f 
= 361.6080f 
= 223.3680f 
= 223.3680f 
= 223.3680f 
= 361.6080f 
= 253.3939f 
= 146.7776f 
= 307.7866f 
= 207.3600f 
= 125.8163f 
= 100.7437f 


= 40.0000f 
= 125.8163f 
= 227.3520f 
= 113.9280f 

= 227.3520f 
= 223.3680f 
= 227.3520 
= 113.9280f 


482 





= 80.0000f 0:703 

= 17.6192f 0:706 

= 227.3520f 0:709 
= 296.4720£ 0.712 
= 296.4720 0:715 
= 223.3680f 0:718 
= 227.3520f 0:721 
= 223.3680f 0:724 
= 361.6080f 0:727 
= 223.3680f 0:730 
= 223.3680f 0:733 
= 207.3600F 0:736 
= 207.3600£ 0:739 
= 53.3600f 0:742 

= 40,0000f 0:745 

= 223.3680f 0:748 
= 61.8576f 0:751 

= 227.3520£ 0:754 
= 223.3680£ 0:757 
= 223.3680f 0:760 
= 434.7120 0:763 
= 227.3520f 0:766 
= 227.3520 0:769 
= 113.9280f 0:772 
= 35.4816f 0:775 

= 80.0000f 0:778 

= 223.3680f 0:781 
= 227.3520£ 0:784 
= 79.6064f 0.787 

= 447.984 0f 0:790 
= 223.3680f 0:793 
= 223.3680£ 0:796 
= 223.3680f 0:799 
= 223.3680f 0:802 
= 223.3680f 0:805 
= 223.3680f 0:808 
= 365.5920 0:811 
= 223.3680i 0:314 
= 914,5680f 0:817 
= 223.3680f 0:820 
= 552.9600f 0.823 
= 227.3520 0:826 
= 227.3520F 0:829 
= 361.6080f 0:832 
= 207.3600f 0:835 
= 125.8163f 0:838 
= 100.7437£ 0-841 
= 227.3520 0:844 
= 113.9280£ 0:847 
= 630.6560F 0:850 
= 53.3600f 0:853 


= 40.0000F 0:704 
= 42.9184f 0.707 
= 227.3520£ 0:710 
= 227.3520f 0:713 
= 227.3520f 0:716 
= 361.6080f 0:719 
= 223.3680f 0:722 
= 223.3680f 0:725 
= 223.3680f 0:728 
= 361.6080f 0:731 
= 292.4880f 0:734 
= 207.3600f 0:737 
= 299.5661f 0:740 
= 40.0000f 0:743 
= 40.0000f 0:746 
= 227.3520f 0:749 
= 40.0000f 0:752 
= 223.3680f 0:755 
= 434.7120 0:758 
= 227.3520f 0:761 
= 227.3520f 0:764 
= 223.3680f 0:767 
= 223.3680f 0:770 
= 61.8576f 0:773 
= 53.3600f 0:776 
= 40.0000f 0:779 
= 365.5920£ 0:782 
= 1,2803p 0:785 
= 630.6560f 0:788 
= 625.3440f 0:791 
= 296.4720£ 0:794 
= 296.4720£ 0:797 
= 296.4720£ 0:800 
= 223.3680f 0:803 
= 365.5920f 0:806 
= 223.3680f 0:809 
= 499 8480f 0:312 
= 296.4720£ 0:815 
= 430.7280f 0:818 
= 138.2400f 0:821 
= 223.3680f 0:824 
= 223.3680f 0:827 
= 223.3680f 0:830 
= 365.5920f 0:833 
= 207.3600f 0:836 
= 207.3600f 0:839 
= 215.8976f 0:842 
= 223.3680f 0:845 
= 80.0000f 0:848 
= 42.9184f 0:851 
= 301.1280f 0:854 





= 42.9184f 
= 17.6192f 
= 223,3680f 
= 223.3680f 
= 223.3680f 
= 365.5920f 
= 223.3680f 
= 223.3680f 
= 223.3680f 
= 223,3680f 
= 138.2400f 
= 207.3600f 
= 53.3600f 
= 61.8576f 
= 227.3520f 
= 223,3680f 
= 434.7120f 
= 227.3520f 
= 227.3520f 
= 223.3680f 
= 223.3680f 
= 434,7120f 
= 296.4720f 
= 17.6192f 
= 40,0000f 
= 1.2737p 
= 361.6080f 
= 40,0000f 
= 625.3440F 
= 227.3520f 
= 227.3520f 
= 227.3520f 
= 434.7120f 
= 223.3680f 
= 361.6080f 
= 223.3680f 
= 223.3680f 
= 223.3680f 
= 361.6080f 
= 227.3520f 
= 296.4720f 
= 296.4720f 
= 223.3680f 
= 125.8163f 
= 100.7437f 
= 207.3600f 
= 299.5661f 
= 296.4720f 
= 40,0000f 
= 17.6192E 
= 40,0000f 


483 


+0:855 = 61.8576£ 0-856 = 40.0000f 0-857 = 305.1120f 
40:858 == 125.8163f0:859 = 100.7437£0:860 = 125.8163f 
+0:861 = 100.7437f0:862 = 218.0224f0:863 = 227.3520f 
+0:864 == 227.3520f0:865 = 223.3680f0:866 = 296.4720f 
+0:867 = 227.3520f 0:868 = 223.3680f 0:869 = 296.4720f 
+0:870 = 227.3520f 0:871 = 223.3680f0:872 = 227.3520f 
+0:873 = 223.3680f0:874 = 223,3680f0:875 = 223.3680f 
+0:876 = 223.3680f0:877 = 361.6080f0:878 = 223.3680f 
+0:879 = 223.3680 0:880 = 223.3680f0:881 = 361.6080f 
+0:882 = 223.3680 0:883 = 223.3680f0:884 = 292.4880f 
+0:885 = = 227.3520f 0:886 = 223.3680f 0:887 = 223.3680f 
+0:888 = 361.6080f 0:889 = 365.5920 0:890 = 207.3600f 
+0:891 = 207.3600f 0:892 = 207.3600f0:893 = 227.3520f 
+0:894 = 223.3680f0:895 = 207.3600f0:896 =299.5661f 
+0:897 = 296.4720£0:898 = 113.9280f 0:899 = 61.8576f 
+0:900 = 138.2400f0:901 =552.9600f0:902 = 17.6192f 
+0:903 = 35.4816f0:904 = 53.3600f0:905 = 40.0000f 
+0:906 = 625.3440f0:907 =447.9840f0:908 = 434.7120f 
+0:909 = 499.8480F0:910 =296.4720f0:911 =223.3680f 
+0:912 = =227.3520£0:913 = 223.3680f0:914 = 711.1920F 
+0:915 = 361.6080£0:916 = 630.6560f0:917 = 80.0000f 
+0:918 = 40.0000f 0:919 =276.4800f0:920 =415.4294f 
+0:921 =276.4800£0:922 =446.0266f0:923 =276.4800f 
+0:924 =415.4294f0:925 =276.4800f0:926 = 630.6560f 
+0:927 = 625.3440f0:928 = 40.0000f0:929 = 79.6064f 
+0:930 = 419.4134f0:931 = 726.4905£0:932 = 419.4134f 
+0:933 =726.4905f 0:934 = 361.6080f0:935 = 365.5920f 
+0:936 = 365.5920f0:937 = 223.3680f 0:938 = 227.3520f 
+0:939 = 223.3680£0:940 = 227.3520F 0:941 =223.3680f 
+0:942 = 223.3680f 0:943 = 125.8163 0:944 = 207.3600f 
+0:945 = 207.3600F 0:946 = 100.7437£0:947 = 125.8163f 
+0:948 = 207.3600f 0:949 = 207.3600F 0:950 = 100.7437f 
+0:951 = 215.8976f0:952 = 299.5661f0:953 = 227.3520f 
+0:954 = 223.3680f0:955 = 296.4720£0:956 = 113.9280f 


+0:957 = 80.0000f 0:958 = 40.0000f0:959 = 42.9184f 
+0:960 = 17.6192f0:961 = 53.3600f0:962 = 40.0000f 
+0:963 = 61.8576f 0:964 = 40.0000f0:965 =691.2000f 


+0:966 = 276.4800f 0:967 = 276.4800F0:968 =276.4800f 
+0:969 =276.4800f0:970 = 227.3520f0:971 = 223.3680 
+0:972 = = 227.3520£0:973 = 223.3680f0:974 = 227.3520f 
+0:975 = 223.3680f0:976 = 227.3520 0:977 = 223.3680f 
+0:978 = 434.7120f0:979 = 113.9280f0:980 = 61.8576f 
+0:981 = 361.6080 0:982 = 17.6192f0:983 = 35.4816f 
+0:984 = 53.3600f0:985 = 40.0000f 0:986 = 80.0000f 
+0:987 = 40.0000f 0:988 = 40.0000f0:989 = 227.3520f 
+0:990 = 223.3680f 0:991 = 296.4720 0:992 = 552.9600F 
+0:993 = 414.7200f 0:994 = 113.9280f0:995 = 61.8576f 
+0:996 = 125.8163£0:997 = 100.7437f0:998 = 125.8163f 
+0:999 = 100.7437£0:1000 = 218.0224f0:1001 = 207.3600f 
+0:1002 = 207.3600f0:1003 = 207.3600f 0:1004 = 207.3600f 
+0:1005 = 299.5661f0:1006 = 17.6192F0:1007 = 35.4816f 


484 





+0: 1008 
+0:1011 
+0:1014 
+0:1017 
+0:1020 
+0: 1023 
+0: 1026 
+0: 1029 
+0: 1032 
+0:1035 
+0:1038 
+0:1041 
+0: 1044 
+0: 1047 
+0:1050 
+0:1053 
+0: 1056 
+0:1059 
+0: 1062 
+0: 1065 
+0: 1068 
+0:1071 
+0:1074 
+0: 1077 
+0:1080 
+0: 1083 
+0: 1086 
+0: 1089 
+0: 1092 
+0:1095 
+0: 1098 
+0:1101 
+0: 1104 
+0:1107 
+0:4110 
+0:1113 
+0: 1116 
+0: 1119 
40: 1122 
40:1125 
40:1128 
+0:1131 
+0:1134 
+0: 1137 
+0:1140 
+0: 1143 
+0: 1146 
+0:1149 
+0: 1152 
+0:1155 
+0: 1158 





= 53.3600£ 0:1009 = 40,0000£0:1010 = 80.0000f 
= 40,0000f 0:1012 = 40,0000f0:1013 = 227.3520 
= 299.5661£0:1015 = 223.3680f0:1016 = 296.4720f 
= 113.9280f 0:1018 = 80.0000f0:1019 = 40,0000F 
= 292.4880f 0:1021 = 227.3520f 0:1022 = 223.3680f 
= 227.3520£ 0:1024 = 292.4880f0:1025 = 227.3520f 
= 223,3680f 0:1027 = 227.3520 0:1028 = 223.3680f 
= 227.3520f 0:1030 = 223.3680f 0:1031 = 227.3520f 
= 223.3680f 0:1033 = 430.7280f 0:1034 = 113.9280F 
80.0000f 0:1036 = 40,0000f 0:1037 = 42.9184f 
17,6192£ 0:1039 = 42.9184f0:1040 = 17.6192f 
= 169.8637 0:1042 = 276.4800 0:1043 = 125.8163f 
= 125.8163£0:1045 = 207.3600 0:1046 = 207.3600f 
= 100.7437f 0:1048 = 125.8163f 0:1049 = 207.3600f 
= 207.3600f 0:1051 = 100.7437f0:1052 = 215.8976f 
= 53.3600f 0:1054 = 40,0000f0:1055 = 53.3600f 
= 40,0000f 0:1057 = 61.8576£0:1058 = 40.0000f 
= 61.8576 0:1060 = 40,0000f0:1061 = 125.8163f 
= 100,7437£ 0:1063 = 125.8163f0:1064 = 100.7437f 
= 125.8163f0:1066 = 100.7437f0:1067 = 344.9631f 
= 691.2000f 0:1069 = 99.7560f0:1070 = 23.2136f 
= 61.8936f 0:1072 = 218.3280f0:1073 = 33.5880f 
= 345.6000f 0:1075 = 218.3280f0:1076 = 35.1888f 
= 21.6000f0:1078 = 24.0000f0:1079 = 75.2112f 
= 384.1056f0:1081 = 3.8880p0:1082 = 1.4944p 
= 125.8163f 0:1084 = 100.7437f 0:1085 = 125.8163f 
= 100.7437£ 0:1087 = 125.8163f 0:1088 = 100.7437f 
= 344.9631 0:1090 = 691.2000f 0:1091 = 99.7560f 
= 23.2136f0:1093 = 61.8936f0:1094 = 218.3280f 
= 33.5880f0:1096 = 345.6000f0:1097 = 218.3280F 
= 35.1888f0:1099 = 21.6000f0:1100 = 24.0000f 
= 75.2112 0:1102 = 384.1056f0:1103 = 1.4944p 
= 125.8163£ 0:1105 = 100.7437£0:1106 = 125.8163f 
= 100.7437f 0:1108 = 125.8163£0:1109 = 100.7437f 
= 344,9631f0:1111 = 691.2000f0:1112 = 99.7560f 
= 23.2136f0:1114 = 61.8936f0:1115 = 218.3280F 
= 33.5880f0:1117 = 345.6000f0:1118 = 218.3280f 
= 35.1888£0:1120 = 21.6000f0:1121 = 24.0000f 
= 75.2112F0:1123 = 384.1056f0:1124 = 1.4944p 
= 125.8163f 0:1126 = 100.7437f0:1127 = 125.8163f 
= 100.7437f 0:1129 = 125.8163f0:1130 = 100.7437f 
= 344.9631f 0:1132 = 691.2000f0:1133 = 99.7560f 
= 23.2136f0:1135 = 61.8936f0:1136 = 218.3280f 
= 33.5880f0:1138 = 345.6000f0:1139 = 218.3280f 
35.1888£0:1141 = 21.6000f0:1142 = 24.0000F 
75.2112£ 0:1144 = 384.1056f0:1145 = 1.4944p 
= 125.8163 0:1147 = 100.7437f0:1148 = 125.8163f 
= 100.7437£ 0:1150 = 125.8163f0:1151 = 100.7437f 
= 344.9631 0:1153 =691.2000f0:1154 = 99.7560f 
= 23.2136f0:1156 = 61.8936f0:1157 = 218.3280f 
= 33.5880f0:1159 = 345.6000f0:1160 = 218.3280f 


485 





+0:1161 35.1888f 0:1162 = 21.6000f 0:1163 24.0000f 


+0: 1164 75.2126 O:1165 = 384.1056f0:1166 = 1.4944p 
+0:1167 = 125.8163f 0:1168 = 100.7437f0:1169 = 125.8163f 
40:1170 == 100.7437£0:1171 = 125.8163f0:1172 = 100.7437f 
+0:1173 = 344.9631 0:1174 = 691.2000f0:1175 = 99.7560f 
+0:1176 = 23.2136f0:1177 = 61.8936f0:1178 = 218.3280 
+0:1179 = 33.5880f0:1180 = 345.6000£0:1181 = 218.3280f 
+0:1182 = 35.1888f0:1183 = 21.6000f0:1184 = 24.0000F 
40:1185 = 75.2112f0:1186 = 384.1056f0:1187 = 1.4944p 
+0:1188 == 125.8163f 0:1189 = 100.7437f0:1190 = 125.8163f 
4+0:1191 = 100.7437f0:1192 = 125.8163f0:1193 = 100.7437f 
+0:1194 = 344.9631f0:1195 = 691.2000f0:1196 = 99.7560f 
40:1197 = 23.2136f0:1198 = 61.8936f0:1199 = 218.3280F 
+0:1200 = 33.5880f0:1201 =345.6000f0:1202 =218.3280F 
+0:1203 = 35.1888f0:1204 = 21.6000f0:1205 = 24.0000f 
+0:1206 = 75.2112f0:1207 = 384.1056f0:1208 = 1.4944p 
+0:1209 = 125.8163£0:1210 = 100.7437£0:1211 = 125.8163f 
+0:1212 = 100.7437£0:1213 = 125.8163f0:1214 = 100.7437f 
40:1215 = = 344,9631f0:1216 =691.2000f0:1217 = 99.7560f 
40:1218 = 23.2136f0:1219 = 61.8936f0:1220 =218.3280f 
+0:1221 = 33.5880f0:1222 = 345.6000f0:1223 = 218.3280f 
+0:1224 = 35.1888£0:1225 = 21.6000f0:1226 = 24.0000f 
40:1227) = 75.2112f0:1228 = 384.1056f0:1229 = 1.4944p 
+0:1230 == 125.8163f0:1231 = 100.7437£0:1232 = 125.8163f 
40:1233 = 100.7437f0:1234 = 125.8163f0:1235 = 100.7437f 
+0:1236 == 344.9631f0:1237 = 691.2000f0:1238 = 99.7560F 
40:1239 = 23.2136f0:1240 = 61.8936f0:1241 =218.3280f 
+0:1242 = 33.5880f0:1243 = 345.6000f0:1244 = 218.3280f 
40:1245 = 35.1888£0:1246 = 21.6000f0:1247 = 24.0000f 
40:1248 = 75.2112f0:1249 = 384.1056f0:1250 = 1.4944p 
40:1251 = 125.8163£0:1252 = 100.7437£0:1253 = 125.8163f 
+0:1254 = 100.7437£0:1255 = 125.8163f0:1256 = 100.7437f 
+0:1257 = 344.9631f0:1258 =691.2000f0:1259 = 99.7560f 
+0:1260 = 23.2136f0:1261 = 61.8936f0:1262 =213.3280f 
+0:1263 = 33.5880f 0:1264 = 345.6000f0:1265 =218.3280f 
+0:1266 = 35.1888f0:1267 = 21.6000f0:1268 = 24.0000f 
+0:1269 = 75.2112f0:1270 = 384.1056f0:1271 = 1.4944p 
40:1272 = 125.8163f0:1273 = 100.7437f0:1274 = 125.8163f 
40:1275 = 100.7437f0:1276 = 125.8163£0:1277 = 100.7437f 
40:1278 == 344.9631f0:1279 = 691.2000f0:1280 = 99.7560F 
40:1281 = 23.2136f0:1282 = 61.8936f0:1283 = 218.3280f 
+0:1284 = 33.5880f0:1285 =345.6000f0:1286 = 218.3280F 
+0:1287 = 35.1888f0:1288 = 21.6000f0:1289 = 24.0000f 
+0:1290 = 75.2112£0:1291 = 384.1056f0:1292 = 1.4944p 
+0:1293 = 125.8163f0:1294 = 100.7437£0:1295 = 125.8163 
+0:1296 = 100.7437f0:1297 = 125.8163f0:1298 = 100.7437f 
+0:1299 = 344.9631 0:1300 = 691.2000f 0:1301 = 99.7560F 
40:1302 = 23.2136f 0:1303 = 61.8936f0:1304 = 218.3280f 
+0:1305 = 33.5880f0:1306 = 345.6000f0:1307 = 218.3280F 
+0:1308 = 35.1888f0:1309 = 21.6000f0:1310 = 24.0000f 
+O:1311 = 75.2112f0:1312 = 384,1056f0:1313 = 1.4944p 
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Opening plot unit= 15 
file=gdram0.tr0 


** spice file created for circuit gaasdram0 1/10/93 mike morris 

****** transient analysis tmom= 25.000 temp= 25.000 
EERESK 

vds_avgpwr = = -2.4510E+00 from= 0.0000E+00 to= 6.0000E-08 
vrefb_avgpwr = -9.1525E-04 from= 0.0000E+00 to= 6.0000E-08 
vrefd_avgpwr = 1.3509E-06 from= 0.0000E+00 to= 6.0000E-08 
vss_avgpwr = = -1.5365E-01 from= 0.0000E+00 to= 6.0000E-08 


***** job concluded 
** spice file created for circuit gaasdram0 1/10/93 mike morris 
**4**** job statistics summary tnom= 25.000 temp= 25.000 


RRREKE 


# nodes = 9864 # elements= 4423 # real*8 mem avail/used= 1000000/ 945198 
#diodes= O#bjts = O#jfets = 4324#mosfets= 0 


analysis time # points tot. iter conv.iter 
op point 119.45 1 74 


transient 41472.89 121 20785 1348 rev= 1086 
input+setup 1050.62 


pass 13.91 
readin 95.55 
errchk 268.71 
setup 672.45 
output 0.13 


total cputime  42642.29 seconds 
job started at 10:47:32 6-feb93 
jobended at 11:24:7 7-iec93 


lam done with gdram0.sp 
Sun Feb 7 11:24:09 PST 1993 


2. Run #2 LISTING FILE (Abbreviated) 


Using: /tools3/cad/meta/h9007 /sun4. | /hspice 

lic: license granted by the license server for hspice 

lic: from permit file: Aools3/cad/meta/h9007 /permit.hsp 

reading install configuration file: /tools3/cad/meta/h9007/meta.cfg 
reading design configuration file: gdram 1! .cfg 

**warning** illegal config file syntax on line=21 

of file=gdram 1.cfg 

=>plotsetup pr12 pscript<= 
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**waring** illegal config file syntax on line=21 

of file=gdram |.cfg 

=>plotsetup pr12 pscript<= 

setting user memory from config file to 1000000 words. ( 8000000 bytes) 


waeee® hspice 9007d 10:41:55 6-feb93 sun 

** spice file created for circuit gaasdram|.sp 1/10/93 mike morris 
*#**** Copyright 1990 meta-software,inc. *****site: 

**4*** input listing 

REKERE 

* hspice.ini 

** technology: edgaas 


**x 


** node: 0 = gnd 

** node: 1 = vdd 

probe ql=v(651) q2=v(816) q0n=v(472) qin=v(473) q2n=v(467) 

+ a00=v(439) aol=v(600) ao2=v(599) 

+ ma2cdo=v(548) ma2cde=v(459) ma2rc6=v(546) ma2rcd=v(545) ma2rc2=v(523) 
+ ma2rc0=v(506) ma2rc7=v(461) ma2rc5=v(460) ma2rc3=v(463) ma2re |=v(464) 
+ ms2epu=v(507) ma2epd=v(483) ma2opu=v(462) ma2opd=v(482) 

+ ma2ebio=v(455) ma2obio=v(450) 

+ malcdo=v(360) malcde=v(312) mal rc6=v(359) mal rc4=v(358) malrc2=v(347) 
+ ma lreQ=v(337) malrc7=v(3 14) malrcS=v(313) 


.options fast ft=0.95 fs=.95 imin=16.0 imax=16.0 delmax=1.0s rmax=8.0 
+ scale=le-06 brief=0 nopage measout post probe gmindc=1e-11 captab acct 


* options scale=1e-06 probe post gmindc=le-11 acct captab 
vend 


**waming** the fast option decreases the cpu time but results may be 
less accurate. 

***fast option sets default value of the options: 

dvdt= 1 rmax= 8.00 fs=950.00m_ft= 950.00m 
relvar= 400.00m absvar= 1.00 relmos= 100.00m absmos= 10.00u 
**warning** could not find branchelement O:vrvrf 
branch - output ignored 

** spice file created for circuit gaasdram|.sp 1/10/93 mike morris 

Opening plot unit= 15 

file=gdram i .tr0 


** spice file created for circuit gaasdram1.sp 1/10/93 mike morris 
***"** transient analysis toom= 25.000 temp= 25.000 

Pt cb tS 

vds_avgpwr = -2.4510E+00 from= 0.0000E+00 = to= 6.0000E-08 
vrefb_avgpwr = -9.1525E-04 from= 0.0000E+00 to= 6.0000E-08 
vrefd_avgpwr = 1.3509E-06 from= 0.0000E+00 to= 6.0000E-08 
vss_avgpwr = -1.5365E-01 from= 0,0000E+00 to= 6.0000E-08 
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***** job concluded 
** spice file created for circuit gaasdram1.sp 1/10/93 mike morris 
eee" iob statistics summary tnom= 25.000 temp= 25.000 


RREKKE 


# nodes = 9864 # elements= 4423 # real*8 mem avail/used= 1000000/ 945198 
#diodes= O#bjts = O#jfets = 4324#mosfets= 0 


analysis time # points tot. iter conv.iter 
op point 119.34 1 74 


transient 41435.61 121 20785 1348 rev= 1086 
input+setup 1049.63 


pass1 13.93 
readin 95.62 
errchk 267.69 
setup 672.39 
output 0.11 


total cpu time  42603.93 seconds 
job started at 10:41:55 6-feb93 
jobended at 11:19:20 7-feb93 


Tam done with gdram1.sp 
Sun Feb 7 11:19:22 PST 1993 


3. Run #3 LISTING FILE (Abbreviated) 


Using: /Aools3/cad/meta/h9007/sun4. 1 /hspice 

lic: license granted by the license server for hspice 

lic: from permit file: ools3/cad/meta/b9007 /permit.hsp 

reading install configuration file: /tools3/cad/meta/h9007/meta.cfg 

reading design configuration file: gdram2.cfg 

setting user memory from config file to 1000000 words. ( 8000000 bytes) 


eeeeee hspice 9007d 13:26:15 7-feb93 sun 
** spice file created for circuit gdram2.sp 1/7/93 

****** Copyright 1990 meta-software,inc. *****site: 
*****% input listing 

SERRE 

* hspice.ini 

** technology: edgaas 

ek 


** node: 0 = gnd 

** node: 1 = vdd 

-probe ma Irc3=v(316) malrc1=v(317) malepu=v(338) malepd=v(329) malopu=v(315) 
+ malopd=v(318) malebio=v(311) ma lobio=v(306) 

+ phl=v(297) phil=v(177) ph2=v(243) ph2id=v(191) 

+ ma0cdo=v(218) maOcde=v(178) ma0rc6=v(216) maOrc4=v(215) maOrc2=v(206) 





+ maOrcO=v(193) ma0rc7=v(181) ma0rc5=v(180) maOrc3=v(186) maOrc !=v(189) 
+ maQepu=v(195) maQepd=v(192) maOopu=v(184) maOopd=v(190) 

+ maQebio=v(174) ma0obio=v(168" 

+ ev=v(183) evu=v(175) od=v(219) odu=v(169) 


.options fast ft=0.95 fs=.95 imin=16.0 imax=16.0 delmax=1.0s rmax=8.0 

+ scale=le-06 brief=0 nopage measout post probe gmindc=le-11 captab acct 

* options scale=1e-06 probe post gmindc=le-11 acct captab 

end 

**twarming** the fast option decreases the cpu time but results may be 
less accurate. 

***fast option sets default value of the options: 

dvdt= | rmax= 8.00  fs=950.00m __ft= 950.00m 
relvar= 400.00m absvar= 1.00 relmos= 100.00m absmos= 10.00u 
**warning** could not find branch element O:vrvrf 
branch - output ignored 

** spice file created for circuit gdram2.sp 1/7/93 

Opening plot unit= 15 

file=gdram2.tr0 


** spice file created for circuit gdram2.sp 1/7/93 

****** transient analysis tmom= 25.000 temp= 25.000 
RKKKRKK 

vds_avgpwr = -2.4510E+00 from= 0.0000E+00 to= 6.0000E-08 
vrefb_avgpwr = -9.1525E-04 from= 0.0000E+00 to= 6.0000E-08 
vrefd_avgpwr = 1.3509E-06 from= 0.0000E+00 to= 6.0000E-08 
vss_avgpwr = = -1.5365E-01 from= 0.0000E+00 to= 6.0000E-08 


***** job concluded 
** spice file created for circuit gdram2.sp 1/7/93 
*4*4***% job statistics summary tmom= 25.000 temp= 25.000 


RERAKH 


# nodes = 9864 # elements= 4423 # real*8 mem avail/used= 1000000/ 945318 
#diodes= O#bjts = O#jfets = 4324#mosfets= 0 


analysis time # points tot. iter conv.iter 
Op point 120.28 1 74 


transient 41639.32 241 20785 1348 rev= 1086 
input+setup 1052.76 


pass] 14.15 
readin 95.82 
errchk 268.98 
setup 673.81 
output 0.12 


total cputime 42811.84 seconds 
job started at 13:26:15 7-feb93 
jobended at 14:35: 2 8-feb93 
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I am done with gdram2.sp 
Mon Feb 8 14:35:06 PST 1993 


4. Run #4 LISTING FILE (Abbreviated) 


Using: /tools3/cad/meta/h9007 /sun4. 1 /hspice 

lic: license granted by the license server for hspice 

lic: from permit file: /tools3/cad/meta/h9007/permit.hsp 

reading instal! configuration file: /tools3/cad/meta/h9007 /meta.cfg 

reading design configuration file: gdram3.cfg 

setting user memory fiom config file to 1000000 words. ( 8000000 bytes) 


xeeeex hspice 9007d 13:26:27 7-feb93 sun 
** spice file created for circuit gdram3.sp 2/7/93 

*#**** Copyright 1990 meta-software,inc. *****site: 

RE aOR input listing 

MEKE KK 

* hspice.ini 

** technology: edgaas 


ue 


** node: 0 = gnd 
** node: 1 = vdd 
tran 250ps 60ns 


measure tran vds_avgpwr avg p(vds) from 0.0ns to 60ns 
measure tran vrefb_avgpwr avg p(vrefb) from 0.0ns to 60ns 
measure tran vrefd_avgpwr avg p(vrefd) from 0.0ns to 60ns 
measure tran vrvref_avgpwr avg p(vrvrf) from 0.0ns to 60ns 
measure tran vss_avgpwr avg p(vss) from 0.0ns to 60ns 


.probe tran p(vds) p(vss) p(vrefb) p(vrefd) p(vrvref) power 

* 80 columns->>* 

.probe da7=v(182) da6=v(217) daS=v(17$) dad=v(214) da3=v(187) da2=v(205) 
+ dal=v(188) daQ=v(194) 

+ do0=v(147) dol=v(139) do2=v(13 1) do3=v(123) 

+ drdy=v(107) mbsy=v(115) refresh=v(1124) irefresh=v(466) mrefresh=v(598) 


options fast ft=0.95 fs=.95 imin=16.0 imax=16.0 delmax=1.0s max=8.0 


+ scale=1e-06 brief=0 nopage measout post probe gmindc=le-11 captab acct 
end 


**warning** the fast option decreases the cpu time but results may be 
less accurate. 
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***fast option sets default value of the options: 

dvdt=1 rmax= 8.00 fs=950.00m ft= 950.00m ¢ 
relvar= 400.00m absvar= 1.00 relmos= 100.00m absmos= 10.00u 
**waming** could not find branchelement O:vrvrf 

branch - output ignored 

** spice file created for circuit gdram3.sp 2/7/93 
Opening plot unit= 15 
file=gdram3.tr0 


** spice file created for circuit gdram3.sp 2/7/93 

**eee% transient analysis tnom= 25.000 temp= 25.000 

HK AHH 

vds_avgpwr = = -2.4510E+00 from= 0.0000E+00 to= 6.0000E-08 
vrefb_avgpwr = -9.1525E-04 from= 0.0000E+00 to= 6.0000E-08 
vrefd_avgpwr = 1.3509E-06 from= 0.0000E+00 to= 6.0000E-08 
vss_avgpwr = -1.5365E-01 from= 0.0000E+00 to= 6.0000E-08 


***** job concluded 
** spice file created for circuit gdram3.sp 2/7/93 
****** job statistics summary tnom= 25.000 temp= 25.000 


ORO 


# nodes = 9864 + elements= 4423 # real*8 mem avail/used= 1000000/ 945278 
#diodes= O#bjts = Ofjfets = 4324#mosfets= 0 


analysis time # points tot. iter conv.iter 


Op point 121.01 i 74 
transient 41769.61 241 20785 1348 rev= 1086 
inputt+setup 1051.88 
pass! 13.80 
readin 95.87 
errchk 268.04 
setup 674.17 
output 0.11 
total cpu time 42941.87 seconds 
job started at 13:26:27 7-feb93 
jobended at 14:37:30 8-feb93 


I am done with gdram3.sp 
Mon Feb 8 14:37:33 PST 1993 


U. Original HSPICE GaAs DRAM Source File 


HSPICE -- gaasdram.sp -- 06 August 1992 

F EELEAERAEERAEAERERSAREEK LODICE VERSION *# #42444 888 ER EREEREAKE EERE EEE RERE ED 
* include Vitesse HGaAs3 models and parameters for hspice. 

pro-ct 

include ‘/tools3/cad/meta/h9007 /lib\vitesse/hgaas3 models’ 

lib '/tools3 /cad/meta/h9007 /lib/vitesse/hgaas3.corners’ tt 








Junprotect 
RREKSEEREECRSEREKAEKESEESRSEAASERRERSERREARESTESSSKEKETEKRSES TERRA EKKEEREHEATEERERERES 
* Total pull-down/pull-up ratio is 16 to 1. 


REKKEKEERAKAEKSERAEKSERSKAKEREAKRSEEEREAEASEAAASSASEREKAREREACERERTAEREARRESEE EE REED 


* Subcircuit SBFL 2-input NOR 


+ INA_ INB OUTPUT POWER GROUND 
SSUBCKT S2NOR 1 2 3 4 5 
*DGSB 


JO8 150 JFETO4 L=1.2 W=48.0 
J18250 JFETO4 L=1.2 W=48.0 
324880 JFETI6 L=1.2 W=3.0 
J34830 JFETO4¢ L=1.2 W=48.0 
J43250 JFETO4 L=1.2 W=48.0 
J53150 JFETO4 L=1.2 W=48.0 


ENDS S2NOR 

EREEREDEES AREER E RE RENEE ENTERS ERR ERM ERT EERE EATER EEE REET EERE EEK 
* Subcircuit SBFL 3-input NOR 

* INA_ INB INC OUTPUT POWER GROUND 

SUBCKT S3NOR 1 2 3 4 5 6 

*DGSB 


JO8160 JFETO4 L=1.2 W=48.0 
J18260 JFETO4 L=1.2 W=48.0 
J28360 JFETO4 L=1.2 W=48.0 
J35880 JFETI6 L=1.2 W=3.0 
J45840 JFETO4 L=1.2 W=48.0 
J54160 JFET04 L=1.2 W=48.0 
364260 JFET04 L=1.2 W=48.0 
J74360 JFET04 L=1.2 W=48.0 


ENDS S3NOR 

REREREERARE EERE RE RRAE RRR ERKA RHEE ERA RES EEE KKEKES EERE RAE REAR EK ERERERE EERE EES 
* Subcircuit SBFL 4-input NOR 

* INA INB INC IND OUTPUT POWER GROUND 

SUBCKTS4NOR 1 2 3 4 5 6 7 

* DGsB 


JO 8170 JFETO4 L=1.2 W=48.0 
Ji 8270 JFETO4L=1.2 W=48.0 
J2 8370 JFETO4 L=1.2 W=48.0 
J3 8470 JFETO4 L=1.2 W=48.0 
J4 6880 JFET16L=1.2 W=3.0 
J5 6850 JFETO41=1.2 W=48.0 
J6. 5170 JFETO4 L=1.2 W=48.0 
3753270 JFETO4 L=1.2 W=48.0 
J8 5370 JFETO4 L=1.2 W=48.0 
J9 5470 JFETO4 L=1.2 W=48.0 
ENDS S4NOR 


EERE HERE RARER RERERE EERE MERA AERA RKERREKHEKEEERERERE RE RE 


* Subcircuit SBFL 3-input OR 

* INA_ INB INC OUTPUT POWER GROUND 
SSUBCKT S30R_ | 2 3 4 5 6 

* INA INB INC OUT PWR GND SUBNAME 

XO 1 2 3 7 5 6 S3NOR 





X17 4 5 6 SINV 
ENDS S30R 


SRERREEKRREEEAEAEAREKAEAEKMEKERERERKAAERASAES SLA SEESE SAS SERERASERARESEETKAEREESESASEASE EE 


* Subcircuit SBFL 2-input NAND 


* INA _ INB OUTPUT POWER GROUND 
SUBCKT SS2NAND 1 2 3 4 5 

* INA INB OUT PWR GND SUBNAME 

X0 1 9 4 #§ SINV 

X12 6 4 #§ SINV 

X29 6 %7F7 %4 #5§ S2NOR 

x37 3 4 #5 SINV 


REKKEKKAKKKAAKKERERKEKS SEEKER EKAKERERSEAAERKEKESSERKSEKERASEAREAKRKAAEREBRRERESEKER ES 


* Subcircuit SBFL 4-input NAND 


* INA INB INC IND OUTPUT POWER GROUND 
SUBCKT SS4NAND 1 2 3 4 5 6 7 

* INA INB INC IND OUT PWR GND SUBNAME 

X0 1 9 6 7 SINV 

Xi 2 10 6 7 SINV 

X2 3 ll 6 7 SINV 

X3 4 12 6 7 SINV 

X49 10 11 12 8 6 7 S4NOR 

X5 8 5 6 7  SINV 


KRREAAAKKAKRKEREK KEKE EAE CAKE AAKEREKR AERA SAREE SEEKER ERERES 


* Subcircuit SBFL 3-input AND 


, INA INB INC OUTPUT POWER GROUND 
SUBCKT SS3AND | 2 3 4 5 6 

* INA INB INC OUT PWR GND SUBNAME 

x0 1 9 5 6 SINV 

Xi 2 10 5 6 SINV 

X2 3 11 5 6 SINV 

X39 10 11 4 5S 6 S3NOR 

ENDS SS3AND 


KKK KEARAKAAKAREAKKEKK ERE ERE EKEKAAEEKEKRAKEEEREKAAERKEAAEEEESEREREREKERREEEERERES 


* Subcircuit SBFL 4-input AND 


: INA INB INC IND OUTPUT POWER GROUND 
SUBCKT SS4AND 1 2 3 4 5 6 - 

* INA INB INC IND OUT PWR GND SUBNAME 

X0 1 9 6 7 SINV 

X12 10 6 7 SINV 

X2 3 ll 6 7 SINV 

X3 4 12 6 7 SINV 

X49 10 11 12 5 6 7 S4NOR 


ENDS SS4AND 


RERRARK ERE AE RRA RR ERE RETA RE RRR RE RE ERO RAE EEE ERE ER 


* Subcircuit SBFL INVERTER 

i INPUT OUTPUT POWER GROUND 
SSUBCKT SINV 1 2 3 4 
*DGSB 


JO9140 JFETO4 L=1.2 W=48.0 
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Ji 3990 JFETI6 L=1.2 W=3.0 
J23920 JFETO4 L=1.2 W=48.0 
J32140 JFETO4 L=1.2 W=48.0 
ENDS SINV 


KRERRERMKRAKKKEKKAKEKKERKSEKAAEKAASEARRKKESAAE SKE SEKEREEEARESERERAEAEASEERESCHREEEEERAK 


* Subckt HSPICE SBFL LARGE 2-input NOR - Used in CLOCK 

* INA INB OUTPUT POWER GROUND 

SUBCKTCSNOR | 2 3 4 5 

*DGSB 

308150 JFETO4 L=1.2 W=144.0 

J18250 JFETO4 L=1.2 W=144.0 

J24880 JFETI6 L=1.2 W=9.0 

334830 JFETO4 L=1.2 W=1440 

J43250 JFETO4 L=1.2 W=1440 

J53150 JFETO4 L=1.2 W=144.0 

ENDS CSNOR 
REKKKERKEAKAKAKAEKRKEKAKKKERRAKKEKKAKARKKAAARAKRERSEKSERAKKRKKEKKEKKATKRACRERAKERAKEERKAKEEEK 
* HSPICE SBFL EXTRA-LARGE DRIVER-INVERTER SUBCIRCUTT - Used in CLOCK 
* INPUT OUTPUT POWER GROUND 

SUBCKT SSINV 1 2 3 4 

*DGSB 

J09140 JFETO4 L=1.2 W=768.0 

313990 JFET16 L=1.2 W= 48.0 

J23920 JFETO4 L=1.2 W=768.0 

J32140 JFETO46 L=1.2 W=768.0 

ENDS SSINV 

KURA EEK AMAA CARRERAS EKAKSEKRESEKEEERAREBREREEAKEKRERAECAREAKEEREERAKERE 
* HSPICE SBFL LARGE DRIVER-INVERTER SUBCIRCUITTI - Used in CLOCK 

. INPUT OUTPUT POWER GROUND 

SUBCKT CSINV 1 2 3 4 

*DGSB 

309140 JFETO4 L=1.2 W=256.0 

J13990 JFETI6 L=1.2 W= 16.0 

323920 JFETO4 L=1.2 W=384.0 

J32140 JFETO4 L=1.2 W=384.0 

ENDS = CSINV 
REREKKEAERAKKAERKAAKKHERKECKAAEKKAEAKKAKKAKKERERRE TRE RRAREKAEKEKEREKRAEARAREKEREESD 
* Subcircuit LVL Level-Shifter to Drive D-mode MESFETs 

* USE HSPICE Diode Models for Backconnected MESFETS 

* INPUT OUTPUT VDS VSS 

SUBCKTLVL 1 2 3 4 

* LVL is logically inverting, hence pre-invert using DINV 

* INPUT OUTPUT POWER GROUND SUBNAME 


x0 1 25 3 0 = DINV 
* DG S B 

Jl 3 25 6 4 JFETO4 L=1.2 W=20.0 

J2 7 6 7 4 DIOI6 L=1.2 W=4.0 

J3 7 4 4 4 JFET20L=3.0 W=3.0 
J43 9 9 4 JFETI6L=1.2 W=3.0 

Js 9 7 0 4 JFETI6 L=1.2 W=100 
363 9 10 4 JFETI6L=1.2 W=20.0 


495 





J7 11:10 11 4 DIOI6 L=1.2 W=20.0 
38 2 iL 2 4 DIOI6 L=1.2 W=20.0 
J9 2 4 4 4 JFETIGL=1.2 W=12.0 
Ji012 2 12 4 DIOI6 L=1.2 W=10.0 
J1113 12 13 4 DIOI6 L=1.2 W=10.0 
Ji214 13 14 4 DIOI6 L=1.2 W=10.0 
Ji3 4 14 4 4 DIO16 L=1.2 W=10.0 
ENDS LVL 


HR MK RAH KK KKSE BME AKA ERKRESESERAEEREEKREKEAKAARERSEARRAARERERRERERKEKARERES ERE EE 


* Subcircuit DELAY - generates Clock Pulse Delay 


* INPUT OUTPUT POWER GROUND 
-SUBCKT DELAY 1 2 3 4 

* INA INB OUT POWER GROUND SUBNAME 

x0 1 9 3 4 BDINV 

Xl 9 6 3 4 BDINV 

X2 1 6 2 3 4 BS2AND 

ENDS DELAY 


RK LAK NKAKKEK AKA AKHKEKKEKKEKREKAKEKAKRKKER KE ERK ERS KEREAKERAEKKESEAERHRERAEKAEEE 


* Subcircuit CLOCK - two-phase SBFL clock 


‘ INCLK PH! PH2 PH2D PiiiL PH2LD POWER! POWER2 GROUND 
SUBCKTCLOCK 1 2 3 4 5 6 7 8 9 

* INA INB OUT PWR GND SUBNAME 

x01 2 10 7 9 CSNOR 

X110  !1 7 9 SSINV 

x2 37 9 SSINV 

X3 123 13 7 9 CSNOR 

X413 14 7 9 SSINV 

x5 14 2.7 9 SSINV 

X6 1 12.7 9 CSINV 

X7 3 47 9 DELAY 

x8 2 5 7 8 LVL 

x9 4 6 7 8 LVL 

ENDS CLOCK 

RK AKAKRERACKAABAKAEKAKEK EEA EKER EKK EAA KKEKKSEAKAKREKEAKARKKAKRERES ERA RERKERERAEKEKESE 
* Subcircuit DCFL INVERTER 

‘ INPUT OUTPUT POWER GROUND 

SUBCKTDINV 12 3 4 

* DGSB 


J03224 JFETI6 L=1.2 W=6.0 
J12144 JFETO4 L=1.2 W=96.0 
ENDS DINV 


RERKARERBARE KS RAKE AKKHKEKKKECAKAREKKHERKEEKERREREKARAAKAERAEKRACKAAKAAKAAEKERTAH 


* Subcircuit DCFL LARGE INVERTER 


* INPUT OUTPUT POWER GROUND 
-SUBCKT BDINV 1 2 3 4 
* DGSB 


j03224 JFET20L=3.0 W=40.0 
Ji2144 JFETO4 L=1.2 W=240.0 
ENDS BDINV 


RERKRAAKEAAKRKA EKER EARS EK EK EREEESERRAKLERLERKEEERESERKERA KARE LR EKERERRECREREEREREE 


* Subcircuit SBFL LARGE 2-input NOR 
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* INA INB OUTPUT POWER GROUND 
SUBCKTBS2NOR 1 2 9 3 4 5 
*DGSB 
308150 JFETO4 L=1.2 W=180.0 
318250 JFETO4 L=1.2 W=180.0 
124880 JFETI6L=1.2 W=100 
134830 JFETO4L=1.2 W=224.0 
143250 JFETO4 L=1.2 W=224.0 
353150 JFETO4 L=1.2 W=224.0 
ENDS BS2NOR 
RARE ERR RARKKERERKSEKKAAKKKKESEARHKSEKEKRKSELEERKKAEAKEREEAKAKREREESEREKREKRAEARERERSEES 
* Subcircuit SBFL LARGE 2- input AND 
INA INB OUTPUT POWER GROUND 


‘SUBCKT BS2AND i 2 3 4 5 
* INA INB OUT PWR GND SUBNAME 

X0 1 9 4 #5 BDINV 

X1 2 6 4 #5 BDINV 

X29 6 3 4 = #=25§S BS2NOR 

ENDS BS2AND 


REKEREKREKKEREAKKKKKKEARKEKESEHEKEARAEAKAKRARALEKEARAEKREEREARERAEE EERE KERERAAARAERERE 


eooereat DCFL 2-INPUT NON-DeMORGAN NAND 
INA INB OUTPUT POWER GROUND 
SUBCKT D2NAND 1 2 3 4 5 
*DGSB 
304335 JFET16 L=1.2 W=6.0 
J13165 JFETO4 L=1.2 W=192.0 
J26255 JFETO4 L=1.2 W=192.0 
ENDS D2NAND 
€RAERERERERARERE EERE AREER EAR EAE REEHEERERRER EERE AE ERATE EEERERR ARREST EES EERE 
*Subcircuit DCFL 2-INPUT NON-DeMORGAN AND 
* INA INB OUTPUT POWER GROUND 
SUBCKTD2AND 1 2 3 4 5 
* INA INB OUT PWR GND SUBNAME 
X01 2 6 4 #25 D2NAND 
XI 6 3 4 #425 DINV 


RREKKELERKEREEKRREKREKARERERE EEE AA KE KRERERERERAREKE EAS AEE EEREREREEAAERERERREREE 


*Subcircuit DCFL 2-INPUT NOR 

. INA INB OUTPUT POWER GROUND 
SSUBCKT D2NOR 1 2 3 4 5 
*DGSB 

J04335 JFETI6 L=1.2 W=6.0 

J13155 JFETO4 L=1.2 W=96.0 

J23255 JFETO4 L=1.2 W=96.0 

ENDS D2NOR 


EUERERARRARERERAERAEREREREREERAKRE ERK EK HERRHREEKAEKERSEREAEEREK AER EK AKRERERAEERAREK 


*Subcircuit DCFL 2-INPUT DeMORGAN AND 


* INA INB OUTPUT POWER GROUND 
SUBCKT DD2AND 1 2 3 4 5 

* INA INB OUT PWR GND SUBNAME 

X0 1 10 4 5S DINV 
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X12 lt 4 5 DINV 
X210 11 345D2NOR 
ENDS DD2AND 


EAAKKRAKEKKAEREKKAEERRAERKKKKAKEKEREAKEASEAKEASRSESKARKERESERE KRESS EERERESAKTSARE 


*Subcircuit DCFL 2-INPUT DeMORGAN NAND 


* INA INB OUTPUT POWER GROUND 
SUBCKT DD2NAND 1 2 3 4 5 

* INA INB OUT PWR GND SUBNAME 

X0 1 10 4 #5 DINV 

XI 2 Il 4 5 DINV 

X210 11. 12 4 #25 D?NOR 

X3 12 3 4 #=5 DINV 


REKKEKKEEKKAKAK KEK KA KEARSE A RKEKKAKAKALERARARKAREAAKEEKRAKRKEALERKARSEEERESERERERE 


* Subcircuit DCFL 2-INPUT DeMORGAN OR 

* INA INB OUTPUT POWER GROUND 
SUBCKTDD20R i 2 3 4 5 

* INA INB OUT PWR GND SUBNAME 

XO 1 2 6 4 #=+‘5 D2NOR 

Xl 6 3 4 #5 DINV 

ENDS DD20R 

MIiTTtttiitttt itt tttet titi tet tt tt eteti titi titer tet tii itt e ttre ttt tele t tet ty 
* Subcircuit DCFL 3-INPUT DeMORGAN OR 

bs INA INB INC OUTPUT POWER GROUND 
SUBCKT DD3OR 1 2 3 4 5 6 

* INA INB INC OUT PWR GND SUBNAME 

X01 2 3 7 #5 & D3NOR 

X1 7 4 5 6 DINV 

ENDS DD30R 

RII RAR ARR RIR AR AHA AHA IAA IIA ARIE IAAI AINA IIIS RII IIA AIEEE 
* Subcircuit DCFL 4-INPUT DeMORGAN OR 

= INA INB INC IND OUTPUT POWER GROUND 
SUBCKT DD4OR 1 2 3 4 5 6 7 

* INA INB INC IND OUT PWR GND SUBNAME 

XO 1 2 3 4 8 6 7 D4NOR 

X1 8 5 6 7 DINV 

ENDS DD40R 


ERKKRKAKKKKKKRKKSEKRKKAKEAK EAL RKAKKKEKEK AK KEES ERERA EKA ERE EKA EKER REREEERERERKE 


* Subcircuit DCFL 3-INPUT NOR 


™ INA INB INC OUTPUT POWER GROUND 
SUBCKT D3NOR 1 2 3 4 5 6 
*DGSB 


305446 JFETI6 L=1.2 W=6.0 
J14166 JFETO4 L=1.2 W=96.0 
J24266 JFETO4 L=1.2 W=96.0 
J3 4366 JFETO4 L=1.2 W=96.0 
ENDS D3NOR 
JERI OIA IOI IIA AIO OIE RIOR AI IO TOI IORI SRE ES 
aaa DCFL 3-INPUT DeMORGAN AND 
INA INB INC OUTPUT POWER GROUND 
Sunes DD3AND 1 2 3 4 5 6 
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* INA INB INC OUT PWR GND SUBNAME 


x0 1 10 5 #6 DINV 
X12 11 6S))~=66 «6(DINV 
X2 3 12 5 6 DINV 


X3 10 11 12 4 5 6 D3NOR 
ENDS DD3AND 
EKARKKRRAERREREKER ERASE REASEKE AKERS SERESERERAERESAERAEEREKERAREEEERERERARE 
*Subcireuit DCFL 3-INPUT DeMORGAN NAND 
INA INB INC OUTPUT POWER GROUND 


SUBCKT DD3NAND 1 2 3 4 5 6 
* INA INB INC OUT PWR GND SUBNAME 

X0 1 10 5 6 DINV 

X1 2 li 5 6 DINV 

X2 3 12.65 6 DINV 

X3.10 11 12 13 5 #6 D3NOR 

X4 13 4 5 6 DINV 


ENDS DD3NAND 


RHERERERRKKE AE KAERKEHRARR LAKES ERK ERD KKK EARRAKEARAE AER REREAAERERARARRERERE 


*Subcircuit DCFL 4-INPUT NOR 


* INA INB INC IND OUTPUT POWER GROUND 
SUBCKTD4NOR 1 2 3 4 5 6 7 
*DGSB 


J06557 JFETI6 L=1.2 W=6.0 
J15177 JFETO4 L=1.2 W=96.0 
J25277 JFETO4 L=1.2 W=96.0 
J35377 JFETO4 L=1.2 W=96.0 
J45477 JFETO4 L=1.2 W=96.0 
ENDS D4NOR 
RRRERERRER ARERR ER RAREE SEHR RE EIR REHERIIRIORE EE RER 
eparcat DCFL 4-INPUT DeMORGAN NAND 
INA INB INC IND OUTPUT POWER GROUND 


‘SUBCKT DD4NAND 1 2 3 4 5 6 7 
* INA INB INC IND OUT PWR GND SUBNAME 

X0 1 10 6 7 DINV 

X1 2 jl 6 7 DINV 

X2 3 12 6 7 ODINV 

X3 4 13, 6 7 DINV 

X410 11 12 13 14 6 7 D4NOR 

X5 14 5 6 7 DINV 


ENDS DD4NAND 
REERERREERERERAERRERAAKEEEREREEREAAKAEKRERECERERARARERE SRR ERAEERALARS REREREEEEEK 
em DCFL 4-INPUT DeMORGAN AND 

INA INB INC IND OUTPUT POWER GROUND 


SUBCKT DD4AND 1 2 3 4 5 6 7 
* INA INB INC IND OUT PWR GND SUBNAME 

x0 1 10 6 7 DINV 

X1 2 il 6 7 DINV 

X2 3 12 6 7 DINV 

X3 4 13 6 7 DINV 

X410 11 12 13 5 6 7 D4NOR 


ENDS DD4AND 
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RHKERKKAAKERAKKSRAKEKARERERKERERS ESAS EKESERSEARE RES SESELAKAES ELSES RSE ERE RECEEREEEE 


* Subcircuit DCFL D-LATCH Using Generic Gates 


* D CLKQ AQ POWER GROUND 
SUBCKT DLATCH 1 2 34 5 6 

* INA INB OUTPUT POWER GROUND SUBNAME 
xO 1 2 8 5 6 D2NAND 
x1 1 7 5 6 DINV 
X22 #7 9 5 6  $D2NAND 
X3 8 4 3 5 6 D2NAND 
X4 9 3 4 5 6 D2NAND 
ENDS DLATCH 


CKKRKKRKRKKCEAKKELERKKEAKEAAKEKEKEKAKEKRKKEKARKEKSES EEKEKREFEAEAKAAERE SS KETHSERKEARSEKEEAEKRES 


* Supe incatt SBFL/DCFL SD-LATCH Using Generic Gates First Stage 
D CLKQ AQ POWER GROUND 


‘SUBCKE SDLATCH | 2 3 4 5 6 

* INA INB OUTPUT POWER GROUND SUBNAME 

XO 1 2 8 5 6 D2NAND 

X1 1 7 5 6 DINV 

X22 #7 9 5 6 D2NAND 

x3 8 4 3 5 6 SS2NAND 

x4 9 3 4 5 6 SS2NAND 

ENDS SDLATCH 

SEE ARTI RIA IRIE IOI IOI IIA AR BE ROE AC TIO IRR RO TAO RR 
* Subcircuit SBFL DFF D Flip-Flop 

es D CLK Q /Q POWER GROUND 

SUBCKT DFF! 2 34 5 6 

* INAINBD CLKQ QQ OUT POWER GROUND SUBNAME 
XO 19 78 5 6 DLATCH 

Xi 2 9 5 6 DINV 

x2 9 10 5 6 DINV 

X3 7 1034 5 6 DLATCH 
ENDS DFF 


RRR RAEARERERKEEKKEKREREERRERRERKKALEAKA EERE EREE AREER ERAARERKEREEEE 


* Subcircuit DCFL CPDFF Clear D Flip Flop 
* Wakerly pg 363 - 31July 1992 


wer DCLK CLR Q Q POWER GROUND 
SUBCKT CPDFF 1 2 3 45 6 7 

* INA INB INC OUT PWR GND SUBNAME 

XO 12 10 9 6 7 DD2NAND 

X1 9 3 2 #10 #6 7 DD3NAND 

X2 10 2 12 +1il 6 7 DD3NAND 

3311 3 1 #412 #6 7 DD3NAND 

X4 10 5 4 6 7 DD2NAND 

XS 4 311 5 6 7 DD3NAND 

ENDS CPDFF 


RERKAREKEEAKKEKKAKEEKAREKARAAERAEAREEERLAEAARAKERERERRERESKREREKKESEKAKKERAEAKEREEKKE 
* Subcircuit DCFL (with SBFL Outputs) D Flip-Flop 

ne D CLK Q /Q POWER GROUND 

SUBCKTSDFF 1 2 34 5 6 

* INAINBD CLKQ /QOUT POWER GROUND SUBNAME 

x0 19 78 5 6  DLATCH 
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X12 9 5 6 DINV 
X29 10 5 6 DINV 

X3 710 3 4 5 6 SDLATCH 
ENDS SDFF 


KREKKKKKAKEKEKKRAKERERAKEKKEERERASESE KEARSE KEKE REREELSE TREC EEA AREAKEESAEAKEKESAAK 


* Subcircuit SBFL/DCFL (Combination) 3-to-8 Non-Latched Decoder 

eee AO Al A2 W R REOOO! 02 03 04 O05 06 07 ENBL PWR GRND 
SSUBCKT DECODER! 2345 6 78 910 111213 14 15 16 17 

* INAINBINCIND OUTPUT POWER GROUND SUBNAME 


x0 1 20 16 17 ~DINV 
Xl 2 18 16 17 DINV 
x2 3 19 16 17 ~DINV 
X3 4 5 6 15 16 17 S$30R 
X4 20 18 19 15 7 16 17 SS4AND 
X5 1 18 19 15 8 16 17 ~=SS4AND 
X6 20 2 19 15 9 16 17 SS4AND 
X7 «1 2 :«19 15 10 16 17 SS4AND 
X8 _ 18 3 15 il 16 17 SS4AND 
X9 18 3 15 12 16 17 SS4AND 
1630 2 3 #15 13 16 17 SS4AND 
Xl11 2 3 #15 14 16 17. SS4AND 


ENDS DECODER 


WH MM MH AA HE RK RAE ERE ARH ARABS ARE ERERE EEE ERA EEE ERA EE EERE TA 


* Subcircuit DCFL 3-bit COUNTER using clear D FFs (CPDFF) 


ee ENBLE CLK Q0 Q1 Q2 /(Q0 /Q1 (Q2 POWER GROUND 
SSUBCKT COUNTER 1 234567 8 9 10 

*** INA INB INC IND D CLK CLR Q AQ OUT POWER GROUND SUBNAME 
XO 1 il 9 10 DINV 

X13 #11 12 9 10 DD2AND 
X21 6 13 9 10 DD2AND 
X3 12 «13 20 9 10 DD20R 
X44 i 14 9 10 DD2AND 

X5 4 6 15 9 10 DD2AND 
X63 7 1 16 9 10 DD3AND 
X7 14 «15 16 21 9 10 DD30OR 
X85 7 17 9 10 DD2AND 
x9 5S 6 18 9 10 DD2AND 
Xi01 3 4 8 19 9 10 DD4AND 
XH 11 5 23 9 10 DD2AND 
X1217 18 19 = 23 22 9 10 DD40R 
*** INA INB INC IND D CLK CLR Q (QQ OUT POWER GROUND SUBNAME 
X13 202 1 36 9 10 CPDFF 
X14 212 #147 9 10 CPDFF 
X15 22 158 9 10 CPDFF 


ENDS COUNTER 
FRERKERKAEKARAKKKEKKEREKKEKRESEAKKEEEKEKEKKEKEEKKEKEKEESEREEREKERERKKEREREKEAEEKERKEEESE 
* _onbeacans DCFL/SBFL Combination REFRESH Circuit 

REF PH1 AO A! A2 AOO AO! AOQ2 MREF PWR GND 
RURCREDRERRESHS I GaSe: a a 10 =i 
*** INA INB INC INDD CLK Q /Q OUT POWER GROUND SUBNAME 
XO 15 28 29 30 31 10 11 SS4NAND 
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Xl 31 2 9 33 10 tl SDFF 
*** ENBLE CLK Q0Q! Q2 /Q0/Q1 /Q2 POWER GROUND 


X2 31 2 25 26 27 28 29 30 ~=«10 11 COUNTER 
X3 3 12 10 11 DINV 
X4 4 13 10 {1 DINV 
X5 5 14 10 11 DINV 
X6 1 15 10 ll DINV 
X7 3 «33 16 10 11 DD2AND 
X8 3 25 17 10 11 DD2AND 
X9 1225 9 18 10 11 DD3AND 
X10 4 33 19 10 11 DD2AND 
X11 4 26 20 10 11 DD2AND 
X12 1326 9 21 10 11 DD3AND 
X13 5 33 22 10 li DD2AND 
X14 § 27 23 10 11 DD2AND 
X15 1427 9 24 10 11 DD3AND 
X16 16 17 18 6 10 11 DD30R 
X17 19 20 21 7 10 li DD3OR 
X18 22 23 24 8 10 11 DD30R 


* Following are initial conditions via HSPICE (Simulation only) 

AC v(25)=0.0 v(26)=0.0 v(27)=0.0 v(3 D=0.0 v(9)=0.0 

+ v(28)=0.63 v(29)=0.63 v(30)=0.63 v(33}=0.63 

ENDS DREFRESH 

MEERA EKM AK KKEKAEEKAKAEKERAKARAKEEEREKEEARKAAEAREKAEKEKELEREKREKEEEREREKERREK 

* Subcircuit SBFL/DCFL Decoder/Driver "DECODDRVER" 

* 1 2 3 4 5 6 7 8 9 10 HN 12 13 144 15) 16 

** PH2D AOO0 AO] AO2 MREF MR MW DAO DAI DA2 DA3 DA4 DAS DA6 DA7 EVU 
17 1819 20 21 22 

**QDU EV OD PWRI1 PWR2 GND 

SSUBCKT DECODDRVER 1 23 456789 10 11 12 13 14 15 1617 18 192021 22 

***40 Al A2 W R REOOOI 02 03 04 05 06 07 ENBL PWR GND SUBNAME 

X0 23 4 76 5 30 31 3233 34 35 36 37 50 20 22 DECODER 

*** INA INB INC INDD CLKQ /QOUT ENBL PWRGND BULK SUBNAME 


X1 2 48 20 22 DINV 

X22 1 50 17 20 22 SS3AND 
X3 48 #1 SO 16 20 22 SS3AND 
X4 30 1 40 20 22 DD2AND 
X5 31 #1 4t 20 22 DD2AND 
X6 32 1 42 20 22 DD2AND 
X7 33 1 43 20 22 DD2AND 
X8 34 «1 44 20 22 DD2AND 
x9 35 1 45 20 22 DD2AND 
X10 36 «1 4% 20 22 DD2AND 
X11 37 I 47 20 22 DD2AND 





X19 47 15 20 21 =LVL 
X20 16 18 20 21 LVL 
X21 17 19 20 21 LVL 
ENDS DECODDRVER 


A A KARA KARE EREREKAEKKEREAAKREAEEAAKERHESER AE AKA RERAKESERAREAREEAEREEREEREREE 


* Subcircuit OUTPUT 


* ODDBIO EVENBIO EDUMMY ODUMMY MR Q /Q PWRGND 
SUBCKT OUTPUT 1 2 3 4 5 67 8 9 
* INA INB INC IND OUT POWER GROUND SUBNAME 

XO 1 12 8 9 DINV 

Xi 2 13 8 9 = DINV 

X2 3 14 8 9 =6DINV 

X3 4 15 8 9 DINV 

X41 4 13 4 #17 8 9 DD4AND 

X5 12 15 2 3 30 8 9 DD4AND 

X61 15 2 3 31 8 9 DD4AND 

X7 1 4 2 14 2 8 9 DD4AND 

X8 17 30 31 2 21 8 9 DD40R 

x9 3. «4 22 ~=«88 9 DD20R 

X10 5 22 16 = 8 9 DD2AND 

* DAK QQ POWER GROUND SUBNAME 

X1121 16 6 7 8 9 DLATCH 


ENDS OUTPUT 

MA AK HHH KKK AKER EKA KERKEKEAKK EAA ERKEAKKEKKKEREEKEEEREEKKEAKKEKAKEKKEKEEKEKE 
* Subcircuit WLOGIC - Write Logic 

* EPU=Even Pull UP -- Bring in AO for Even/Odd & Writing 

* DATA DAS AO MW CLK EPU EPD OPU OPD POWER GND VSS 
SUBCKTWLOGIC 1 23 4 5 67 8 9 0 Ut 2 

* DaK 2 POWER GROUND SUBNAME 


XO 1 2 14 ‘15 10 11 DLATCH 

* INA INB INC IND OUT POWER GROUND SUBNAME 
X1 3 13. 10 11 DINV 

X2 13 14 4 «5 16 10 11 DD4AND 
X3 13 15 4 = #5 7 10 11 DD4AND 
X44 3 14 «5 17. 10 11 DD4AND 
X53 15 4 5 9 610 11 DD4AND 
* IN OUT VDS_ VSS SUBNAME 
X6 16 6 10 12 LVL 

X7 17 8 10 12 LVL 


ENDS WLOGIC 

JES IASC O aE AOI EEC Ra IOI OHARIE OOO GIG IOI IRIE 

* Subcircuit RAM Cell -- One Bit Position by Eight Addresses 

* PHIL PH! PH2LD OxPU OxPD ExPU ExPD EDC ODC DAO DAI! DA2 DA3 DA4 DA5 DA6 *DA7 
EBIO OBIO RCx0 RCx1 RCx2 RCx3 RCx4 RCx5 RCx6 RCx7 RCEx RCOx PwrGnd = * Vrefb Vrefd 
SUBCKT RAM1 2345678 9 1011 12 13 1415 16 17 18 19 

+ 20 21 22 23 24 25 26 27 28 29 30 31 32 33 

* DGS B 

JO 30 3 18 31 JFET16L=1.2 W=9.0 

Jit 30 3 19 31 JFET16L=1.2 W=9.0 

J2. 18 10 20 31 JFET16 L=1.2 W=8.0 





33. 18 9 29 31 JFETI6L=1.2 W=8.0 
J4 18 19 31 31 JFETO4 L=1.2 W=210.0 
JS 19 18 31 31 JFETO4 L=1.2 W=210.0 
J6 19 8 28 31 JFETI6 L=1.2 W=8.0 
Al 21 31 JFETI6 L=1.2 W=8.0 
1 28 31 JFET16 L=1.2 W=3.0 
Ji0 30 6 18 31 JFETI6 L=1.2 W=185.0 
4 19 31 JFETI6 L=1.2 W=185.0 
7 31 31 SFETO4 L=1.2 W=6.0 
5 31 31 JFETO4 L=1.2 W=6.0 
Ji4 19 1 18 31 JFETI6L=1.2 W=20.0 
Ji5 18 12 22 31 JFETI6 L=1.2 W=8.0 
J16 18 14 24 31 JFETI6 L=1.2 W=8.0 
J17_ 18 16 26 31 JFET16 L=1.2 W=8.0 
J18 19 13 23 31 JFETI6 L=1.2 W=8.0 
J19 19 15 25 31 JFETI6 L=1.2 W=8.0 
J20 19 17 27 31 JFET16 L=1.2 W=8.0 
J21 33 1 29 31 JFETI6 L=1.2 W=3.0 
J23 32 i 19 31 JFETI6L=1.2 W=6.0 
J25 32 1 18 31 JFETI6 L=1.2 W=6.0 


SEIS GSES aA IE aOR IGE IIE IE EI OA III IORI 
* Subcircuit WRITEP - Operation Priority Circuit 
*The Call 14 6061 17 18 1 OWRITEP 


SERERE MREF W R MW MR POWER GROUND 

SUBCKT WRITEP 1 23 4 5 6 7 
INA INB INC OUT PWR GND SUBNAME 

X0 1 8 6 7 DINV 

X12 9 6 7 DINV 

X22 8 4 6 7 DD2AND 

33 9 8 5 6 7 DD3AND 


ENDS WRITEP 


* SIGNAL INPUTS 
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VCLOCKIN 8 0 PULSE(0.63 0.06 OPS 100PS 100PS 2100PS 4200PS) 


*The next 3 lines will count 000 -> 111 with XXX PS up/down times 
* Count through all eight addresses for testing purposes 


*VA0 2 0 PULSE(0.06 0.63 4200PS 100PS 100PS 4000PS 8400PS) 
*VA1 3 0 PULSE(0.06 0.63 8400PS 100PS 100PS 8200PS 16800PS) 
*VA2 4 0  PULSE(0.06 0.63 16800PS 100PS 100PS 16600PS 33600PS) 
*VA0 2 0 PULSE(0.06 0.63 4.5NS 100PS 100PS 4.3NS 9.0NS) 

*VAl 3 0 PULSE(0.06 0.63 9.0NS 100PS 100PS 5.8NS 18.0NS) 
*VA2 4 0  PULSE(0.06 0.63 18.0NS L00PS 100PS 17.8NS 36.0NS) 


* Address Inputs - Following three lines are steady state DC voltages for testing pu. poses 
VAO 20 DC 0.063V 

VAI 30 DC 063V 

VA2 40 DC 0.63V 

* Data Inputs - Following eight lines are steady state D - voltages for testing purposes 
VDO 1000 DC 063V 


VDi 1010 DC 0.06V 
VD2 1020 DC 0.63V 
VD3 10330 DC 0.63V 
VD4 140 DC 0.06V 
VD5 1050 DC 0.06V 
VD6 1060 DC 063V 
VD7 10770 DC 0.06V 


* Data Strobe - Following line is steady siate DC voltage for testing purposes 
VDAS 1080 DC 0.63V 


* Write Signal - 

vw 60 0 PULSE(0.06 0.63 3NS 100PS 100PS 5000PS 1000MS) 
* Read Signals - 

*VR 61 0  PULSE(0.06 0.63 OPS 100PS 100PS 8000PS 1000NS) 
VR 610 0.06V 

* Refresh Signals - 


*VREF 700 = 0.06V 
VREF 70 0 PULSE(0.06 0.63 8000PS 100PS i00PS 4200PS 1000MS) 


** Main Circuit ** 
KCEEKAKKARKKAEKEAKRKASEKERKEKEAKAKKKKAEKEREEAESEEAEKEKEAKAEKEEKE CE KERERARKEEKEEKREKEKERSE 
* Commence Subcircuit Calls 
RERKKAHKKKKEKERKAKKREKHKKAEREKAKEKEARKAE REE EKER SLKEKKAKKKRHKKKAKEKKAKAREKKSEKSEKRAKKKHKEKE 
* INCLK PH1 PH2 PH2D PHIL PH2LD POWER! POWER2 GROUND SUBNAME 

XO 8 9 10 89 88 189 1 999 0 CLOCK 
KEEARKHKKCKEKRKARECKEKSEKEEAAKKEEREKKKESEKKAKKAEEKLEERKEKSKEKRETKEKKKESCLAKSERKAREKKKKEEEEAERESE 
** REF PH! AO Al A2 AOO AOI AO2 MREF POWER GROUND SUBNAME 
X170 9 23 4 OU 12 #13)«14 1 0 DREFRESH 
EKREKARERKKHEKCEEAKEKAKEAERMEEEAKRERKEEAKEEKRKEKKATKEAKKKERAKKERSEREAAKAEERKEKAKKAKCRERRKERAREEKE 
** MREF W R MW MR POWER GROUND SUBNAME 

X2 14 6061 17) 18 I 0 WRITEP 
RERERERRKRRERERAREREEEREEREERERRERERRERERERERAREREEARAAEESEERERREAREEKARE EEE REE R 
** PH2D AOO AO] AO2 MREF MR MW DAO DAI DA2 DA3 DA4 DAS DA6 DA7 EVU 

X3 10 11 12 #13)0«1460«18 17) 20 «21)0«22 23: 24 «25 ©«©26 «27 = 30 

** ODU EV OD PWR1 PWR2 GND SUBNAME 
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+ 31 4041 1 999 0 DECODDRVER 
REKKKAKKKKKARKKKEKKKHKAEKEKKERKEKEAKAKERKEEEKKARAERRAERRKKEREESEEEAA AERA EAREEARE 
* This circuiuy generates the output ccntrol signal Data Ready(DRDY) PIN 34 

* INA INB OUT PWR GND SUBNAME 

X4 30 31 32 1! O DD20R 

X5 32 18 33 1 O DD2AND 

X6 33 34 | O DINV 

PTT STITT Te TTT TT STE TET TET TPT PCLT eS ECC LTTE sere rr Ti TTT rr etree errr iret rt Titi r tres 
* This circuitry generates the output control signal Memory Busy (MBSY)PIN 35 

* INA INB INC OUT PWR GND SUBNAME 

X7 i4 17 18 35 1 GO DD30R 


MO ROK HK KR KK ERE KK EKA AREER AKER AK RKAE EKER KEE EEA KEE KEKE ERE 


* Commence Subcircuit Calls to RAM, each with its associated OUTPUT & WLOGIC 
ERE KKKKAKKKKKKAKAAKKAEEEKKEAKKAHARERKEKAA EEKAREKEAKKEKEKEA EEK ERK ERKEREKREREEKES 
* SUBCKT RAM -- Call for Data Bit Position ZERO 

* PHIL PH! PH2LD OxPU OxPD ExPU ExPD EDC ODC DAO DA! DA2 DA3 DA4 DAS 
X8 88 9 189 84 85 82 83 40 41 20 21 22 23 24 25 
* DA6 DA7 EBIO OBIO RCx0 RCx1 RCx2 RCx3 RCx4 RCx5 RCx6 RCx7 RCEx RCOx 
+ 26 27 98 99 50 51 54 55 56 57 58 59 53 52 

* PWR GND VREFB VREFD SUBNAME 

+ 1 0 777 +=888 RAM 

* ODDBIO EVENBIO EDUMMY ODUMMY MR Q /Q FWRGND SUBNAME 

x9 99 98 30 31 18 300310 1 © OUTPUT 

* DATA DAS A0 MW PH2 EPU EPD OPU OPD POWER GND VSS SUBNAME 
X10 100 108 2 17 10 82 83 84 85 | 0 999 WLOGIC 


Be He AM He He HM eS EE He HE He ee he Hee ee He A HE EE He EE HR OE EK EE KE 
SHE MM A eR 5 NE AE A HH ee EI HE ER EE ER KE EH KK KEE ERE ERE REE KEKE EK 


* SUBCKT RAM -- Call for Data Bit Position ONE 

* PHIL PH: PH2LD OxPU OxPD ExPU ExPD EDC ODC DAO DAI DA2 DA3 DA4 DAS 
X20 88 «69 189 184 185 182 183 40 41 20 21 22 23 2% 25 
* DA6 DA7 EBIO OBIO RCx0 RCx! RCx2 RCx3 RCx4 RCx5 RCx6 RCx7 RCEx RCOx 
+26 27 198 199 150 I51 154 155 i56 157 158 159 153 152 

* PWR GND VREFB VREFD SUBNAME 

+ | 0 777 888 RAM 

* QODDBIO EVENBIO EDUMMY ODUMMY MR Q /Q PWRGND SUBNAME 
X21 199 198 30 31 18 301311 1 Q OUTPUT 

* DATA DAS AO MW PH2 EPU EPD OPU OPD POWER GND VSS SUBNAME 
X22 «101 «108 2 «#17: «10 = 182 183 184 185 1 0 999 WLOGIC 


RMA A HE HH A He HE HE HEH HH HH EH KK HM RE HK RIOR KE ROR ORE OR EO OK 
RHEE ERK HE EAE KH REA EKER EER RAKE ERK EH KEE RI KE ERR EE EI KK EEE 


* SUBCKT RAM -- Call for Data Bit Position TWO 

* PHIL PH! PH2LD OxPU OxPD ExPU ExPD EDC ODC DAO DAI DA2 DA3 DA4 DAS 
X23 88 «86©9)~=6189) «6-284 «285 «282 «283 «40 «41 «+20 21 22 «23° «24 «25 
* DA6 DA7 EBIO OBIO RCx0 kCx1 RCx2 RCx3 RCx4 RCx5 RCx6 RCx7 RCEx RCOx 
+ 26 27 298 299 250 251 254 255 256 257 258 259 253 252 

* PWR GND VREFB VREFD SUBNAME 

+ | O V7 888 RAM 

* ODDBIO EVENBIO EDUMMY ODUMMY MR Q (QQ PWRGND SUBNAME 
X24 299 298 30 31 18 302 312 1 0 OUTPUT 

* DATA DAS AO MW PH2 EPU EPD OPU OPD POWER GND VSS SUBNAME 
X25 102 108 2 17 10 282 283 284 285 1 0 999 WLOGIC 


506 





REKREAEKRERASEESERAEKEARERESEREREERSEREAKESEATATER ASKER SHEERS ERERAEERESE EERE EEE SE 
SEAKSKAKERKREREKEK SES ERSSESEEASETSSESEKSAKKEKSERASERASEREKHA SS SHREK SERERE ERE SEREARERER 


* SUBCKT RAM -- Call for Data Bit Position THREE 

* PHIL PH! PH2LD OxPU OxPD ExPU ExPD EDC ODC DAO DAI DA2 DA3 DA4 DAS 
X26 88 9 189 384 385 382 383 40 41 20 21 22 23 2 25 
* DA6 DA7 EBIO OBIO RCx0 RCx1 RCx2 RCx3 RCx4 RCx5 RCx6 RCx7 RCEx RCOx 
+ 26 27 398 399 350 351 354 355 356 357 358 359 353 352 

* PWR GND VREFB VREFD SUBNAME 

+ 1 QO 777 888 RAM 

* OQDDBIO EVENBIO EDUMMY ODUMMY MR Q (QQ PWR GND SUBNAME 
X27 399 398 30 31 18 303313) | O OUTPUT 

* DATA DAS AO MW PH2 EPU EPD OPU OPD POWER GND VSS SUBNAME 
X28 103 108 2 17 10 382 383 384 385 1 0 999 WLOGIC 


HERRERA EKER EKAERERARMEREREEEESEREERERARS LEK ERS! REKERERERRE ERE RAEK EERE ED 


RKRKREKREERAKAKEKREKKREREREREREEREEEREKAEEREAEREAEREKEARREREEREERAERE ERATE EE EARE 


* SUBCKT RAM -- Call for Data Bit Position FOUR 

* PHIL PHi PH2LD OxPU OxPD ExPU ExPD EDC ODC DAO DAI DA2 DA3 DA4 DA5 
X29 88 9 189 484 485 482 483 40 41 20 21 22 23 2% 25 
* DA6 DA7 EBIO OBIO RCx0 RCx! RCx2 RCx3 RCx4 RCx5 RCx6 RCx7 RCEx RCOx 
+ 26 27 498 499 450 451 454 455 456 457 458 459 453 452 

* PWR GND VREFB VREFD SUBNAME 

+ 1 0 777 888 RAM 

* ODDBIO EVENBIO EDUMMY ODUMMY MR Q /Q PWR GND SUBNAME 
X30 499 498 30 31 18 304.314 i =) «=OUTPUT 

* DATA DAS AO MW PH2 EPU EPD OPU OPD POWER GND VSS SUBNAME 
X31 104 108 2 17 IC 482 483 484 485 1 0 999 WLOGIC 


PTttrTTtrrt+TttitirTittttt tT titi Titi it ti lit trtrrtetteret i titi trtttrettT eri rt Tere ss 
Te TT TTT TET i Ti ie et Pert r errr error rrr rere rerit titi tite rit rir titr tert rrr reri rs 


* SUBCKT RAM -- Call for Data Bit Position FIVE 

* PHIL PH1 PH2LD OxPU OxPD ExPU ExPD EDC ODC DAO DAI DA2 DA3 DA4 DAS 
X32 88 «9 189) $84. 5585) «582 583 40 «641 «620 «621 «022 23 HS 
* DA6 DA7 EBIO OBIO RCx0 RCx1 RCx2 RCx3 RCx4 RCx5 RCx6 RCx7 RCEx RCOx 
+ 26 27 598 599 550 551 554 555 556 557 558 559 553 552 

* PWR GND VREFB VREFD SUBNAME 

+ 1 0 777 888 RAM 

* ODDBIO EVENBIO EDUMMY ODUMMY MR Q /Q PWR GND SUBNAME 
X33 599 598 30 31 18 305315 1 QO OUTPUT 

* DATA DAS AO MW PH2 EPU EPD OPU OPD POWER GND VSS SUBNAME 
X34 105 108 2 17 10 582 583 584 585 I 0 999 WLOGIC 


EREKKHEREAEKEKEERSEKEKEREKEKAERKKEEREAEAEKCAAKEKERERKEAEEEEREKARSEKARSEKERRERERRER EERE 


RERKEKEEKAKSEREKRSEKSEREEEKAEKEKRKARERREKAERAAREKERESEKEKREKEREKSERSEKREEAK EE REREKAKAERSE 


* SUBCKT RAM -- Call for Data Bit Position SIX 

* PHIL PH1 PH2LD OxPU OxPD ExPU ExPD EDC ODC DAO DAI DA2 DA3 DA4 DAS 
X35 88 9 189 684 685 682 683 40 41 20 21 22 23 & 25 

* DA6 DA7 EBIO OBIO RCx0 RCx! RCx2 RCx3 RCx4 RCx5 RCx6 RCx7 RCEx RCOx 

+ 26 27 698 699 650 651 654 655 656 657 658 659 653 652 

* PWR GND VREFB VREFD SUBNAME 

+ | 0 777 888 RAM 

* ODDBIO EVENBIO EDUMMY ODUMMY MR Q /Q PWRGND SUBNAME 

X36 699 698 30 31 18 306 316 1 Q OUTPUT 

* DATA DAS AO MW PH2 EPU EPD OPU OPD POWER GND VSS SUBNAME 
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X37 106 108 2 17 10 682 683 684 685 1 0 999 WLOGIC 


KREKKKREKEKRAEEKEKAEKEKAEKEEEE SAKES AERSEELARAEEAKSERSERAE KRESS SESE SE SEARS RARER S 


REKKEKEKKECAAKKELKREKRKESESEEKAEKAKERERKSERERASEEREREEAREREASAERE ERATE ARRERERETEE 


* SUBCKT RAM -- Call for Data Bit Position SEVEN 

* PHIL PHi PH2LD OxPU OxPD ExPU ExPD EDC ODC DAO DAI DA2 DA3 DA4 DAS 
X38 88 9 189 784 785 782 783 40 41 20 21 22 23 & 25 
* DA6 DA7 EBIO OBIO RCx0 RCx1 RCx2 RCx3 RCx4 RCx5 RCx6 RCx7 RCEx RCOx 
+26 27 798 799 750 751 754 755 756 757 758 759 753 752 

* PWR GND VREFB VREFD SUBNAME 

+ 1 0 777 888 RAM 

* ODDBIO EVENBIO EDUMMY ODUMMY MR Q /Q PWRGND SUBNAME 
X39 =799 798 30 31 18 307317 1 0 OUTPUT 

* DATA DAS AO MW PH2 EPU EPD OPU OPD POWER GND VSS SUBNAME 
X40 107 108 2 17 10 782 783 784785 1 0 999 WLOGIC 


AMAA HR KK HH HK BAAR KAMA HK KAKA AKER KKAAKEKKEAEKEKAKERAEAREREERAA CESARE RAREEEEE 
RKKKRKKKKEKEKKEKKEREKAKKKEKEKEKEKEKKKEKEKEEREREKAKERARETERE ERE EKER ERE SRE EEREREE 
* Following Lines are operating directions for HSPICE 

.TRAN 250PS 40.0ns 

options scale=1E-06 post acct captab 

END 
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APPENDIX B - LAYOUT PLOT OF GaAs DRAM 
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APPENDIX B - LAYOUT PLOT OF GaAs DRAM 
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